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PREFACE 


The requirements of NASA Policy Directive 
NPD 2220.4 (September 14, 1970) re^rding 
the use of SI Units have been waived in accord- 
ance with the provisions of paragraph 5d of 
that Directive by the Director of Lewis Re- 
search Center. 
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SECTION 1.0 


SUMMARY 


This report presents the results of special testing 
and an analytical teardown of a short-term 
JT9D-7A service engine undertaken under 
NASA Contract NAS3-20632. These activities 
were part of studies directed at determining 
the cuases for short-term performance deter- 
ioration. 

The objective of this test and analytical tear- 
down program was to monitor the performance 
losses as they occurred from prior to first flight 
through introduction into airline service on new 
production engines. An engine was selected 
from those being monitored and was returned 
to Pratt & Whitney Aircraft for extensive test- 
ing and a complete analytical teardown to 
determine the level and module contribution 
to the performance loss and the specific causi- 
tive factors. 

In selecting an engine to be subjected to this 
special program, the performance of two en- 
gines was monitored from prior to initial deli- 
very through the early introductory service of 
Pan American World Airways Special Perfor- 
mance 747 aircraft number N536PA. These 
data provided the basis for selection of the 
inboard engine, serial number P-695743, and 
its introduction into the test program. The 
engine was received and tested “as is” in the 
original production test stand; this testing 
showed an increase of 1 .5 percent in thrust 
specific fuel consumption (TSFC). The en- 
gine was retested after engine vane control 
(F.VC) trim and water and detergent washing 
to remove surface contamination, reducing 
the level of TSFC deterioration by 0.3 percent. 
The engine was then disassembled to permit 
the installation of fully instrumented engine 
cases and was retested in an experimental 
test stand to permit the evaluation of mod- 
ular performance. 


A complete analytical teardown of the engine 
was conducted, and the condition of all seals 
and parts affecting performance was document- 
ed, from which the performance of each 
module was estimated. The^e results were then 
compared with analysis of the engine test data 
to achieve a final assessment of the causes for 
short-term deterioration at the module level. 
The performance testing of the engine showed 
that the overall short-term deterioration was 
distributed by module as shown in the tabula- 
tion below: 


ATSFC Since 

Module New (%) 


Fan 

+0.15 

Low-Pressure Compressor 

+0.35 

High-Pressure Compressor 

+0.12 

High-Pressure Turbine 

+0.47 

Low-Pressure Turbine 

+0.10 

Total 

+ I.I9 


This level of deterioration correlated well 
with specific hardware deterioration in the en- 
gine and with other historical short-term de- 
terioration data. 

The cause of short term deterioration is dis- 
tributed between all of the modules or com- 
ponents of the engine, and the summation of 
thes** i 'dividual losses make up the total 
short-term engine performance deterioration. 
The major fundamental cause of this deteriora' 
ticii is increased operating clearances in the 
engine associated with the aircraft operating 
environment and, to a lesser extent, second- 
stage turbine vane distortion and increased 
roughness of fan and low-pressure compressor 
airfoils. 



SECTION 2.0 


INTRODUCTION 


I'liv." rapid riMO in the cost of oil sinee the OPhC 
oil embargo in I ^^73 ha^ resulted in a national 
effort to increase the availability of domestic 
oil. develop alternate sources of energy, and 
to develop both near and far term means to 
reduce fuel consumption. This national require- 
ment for reduced fuel consumption, as applied 
to commercial airplane operation, is the thrust 
of the NASA Aircraft Energy Efficiency (ACEE) 
Program. The NASA activity on reducing fuel 
consumption in commercial aircraft propul- 
sion s> stems IS the objective of the NASA En- 
ergy Conservative Engine Office (ECEO) which 
is addressing both near term and long term 
solutions. The long term program is directed 
at demonstrating the technology to reduce en- 
gine fuel consumption bv 12 to 15 percent 
through demonstration of verv advanced en- 
gine technology for application in the late 
1080 time frame. In ihe nearer term, the En- 
gine Component Improvement i i ('l) Program 
is directed at improving the fuel consumption 
of current engines with a goal of a 5 percent 
reduction over the life of the engine starting 
in the 1980 to 1982 time period. Two ap- 
proaches are being undertaken to achieve this 
near term objective. The first approach is to 
improve the performance of existing engines 
by demonstrating improved component per- 
formance levels (NASA Performance Improve- 
ment Program). The second approach is to ex- 
amine the losses in engine performance that 
occur during service use to determine the causes 
of performance deterioration and to identify 
corrective actions to permit the retention of 
new engine performance levels over long per- 
iods. These efforts of engine are being under- 
taken under the NASA Engine Diagnostics 
Program. 

Engine performance deterioration can be gen- 
erally divided into two time frames: ( I ) the 


performance loss that occurs over the first few 
flights, called short term or instant performance 
deterioration, which is characterized by a ranid 
rate of loss in TSFC performance; and (2) long 
tern performance deterioration which occurs 
more gradually. This report covers test and 
analytical work to determine the cause of short 
term performance deterioration in the JT9D 
engine. 

Elistorical performance data obtained from en- 
gines that had been subjected to the flight en- 
vironment for from only a few to 250 flights 
indicate that the JT9D-3A/7/20 series of en- 
gines average approximately 1 percent loss in 
thrust specific fuel consumption on the first 
flight relative to their individual ne ■ produc- 
tion performance. Further, this loss in thrust 
specific luel consumption grows from 1 percent 
to 1.5 percent by the 200th llight. The bulk 
of the data concerning short term performance 
deterioration is from engines returned to Pratt 
& Whitney Aircraft, after airframe manufact- 
urer flight testing, which were tested as received 
and prior to any refurbishment or repair. The 
performance testing was accomplished with 
standard production type instrumeiiiation, and 
the limited nature of these data creates diffi- 
culties in properly distributing the performance 
losses to the individual modules of the engine. 
Additionally, these engines were only partiallv 
disassembled, and detailed data which would 
peimit an understanding of the caiisilive fact- 
orsordamage mechanisms causing the per- 
formance losses were not obtained. 

The overall objective of the low-time service 
engine test, reported herein, was to: ( 1 ) docu- 
ment the overall and i;iodule component per- 
fonnance deterioration experienced by an en- 
gine in the first few hundred flights after en- 
try into commercial services, ami (2) to permit 
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identification of the damage mechanisms re- 
sponsible for tlie loss in performance. The tech- 
nical plan for accomplishing this objective is 
shown in the chart below. The test program 
included three basic elements: “as-received” 
calibrations in a production test stand, calibra 
tion with expanded instrumentation in an ex- 
perimental test stand, and detailed analytical 
teardown inspection of the engine. 

The objective of the “as-received” calibration 
in the production test stand was to establish 
the level of overall engine performance deter- 
ioration as measured in ihe same test stand 
and in the same configuration as used for the 
original pr.'duction acceptance test. The water 
wash and recalibration in the production test 
stand was undertaken to separate the effects 
of gas path contamination from deterioration 
caused by mechanical damages. Production 


testing, even with additional instrumentation 
permitted by production cases, provides signi- 
ficantly less data than is rec.uired for accurate 
assessment of module performance. The ob- 
jective of the expanded instrumentation cali- 
bration was to overcome these difficulties and 
permit documentation of the individual mod- 
ule/component performance levels from which 
an assessment of module deterioration could 
be made. The objective of the post-test ana- 
lytical teardown inspection was to document 
the seal rub patterns, clearances, and condi- 
tions of parts throughout the engine to provide 
a basis for correlating the assessed module/ 
component performance deterioration with 
the condition of engine hardware. 

Section 3.0 describes the process for selection 
of the low-time test engine. Section 4.0 pre- 
sents the test results which establish the over- 
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all K-Vv l of engine ivrfornunee deterioralion 
and Section 5.0 pre^*nti module 'ci-nipoiwnt 
ivrtormance loss assessments as well as ana- 
Isticai teardo«n results. Conclusions and re- 
commendations resulting from the test pro- 
gram are presented in Sections 6 0 and 7.0. 
respectixeU . 

Seseral appendices are included in this docu- 
ment to proside more detailed information 
:han IS amenable to the m iiu f jdy of the tex- 
These appendices include the fo '.owing. 


A. Facilities and Procedures 

B. Teardown Procedures 
Quality Assurance Report 

D. Fuel Analysis 

E. Production Stand Sheets 

F. Experimental Stand Log Sheet Summaries 

G. Analytical Teardown Photographs 

H. Post-Teardown Calibration Log Sheet 
Summary 

I. Program Cnronology 

J. Nomenclature 
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SECTION 3.0 


ENGINE SELECTION 


3.1 SELECTION PROCESS 

In order to accomplish the program objectives, 
a low time service engine was required, and a 
source of a low time engine had to be identic 
fied early to I'c ntiit monitoring of the perfor- 
mance change> that occurred on the first fli^t 
and initial service use. Through the coopera- 
tive efforts of Pan American and the Boeing 
Commercial .Aircraft Company, plans were de- 
veloped to install expanded instiunnentation 
on two of the four engines on Pan Am’s new 
747SP Serial Number N536PA to be delivered 
in early May of l977.This aircraft has had two 
of its engines, P-695745 in the No. 1 position 
(outboard) and P-695743 in the No. 2 position 
(inboard), instrumented since new for on-the- 
wing data acquisition with the Plug-In Console 
(PIC) system- Several on-the-wing performance 
calibrations were run on these engines prior to 
the removal of P-695743. Table I defines the 
timing of these PIC tests, and Figure I is a 
sample of the data from a typical PIC test. In 
addition, provisions had been made with Pan 
American to obtain expanded in-flight engine 
calibrations after each PIC test. Table II defines 
the timing of the flight data acquisitions, and 
Figure 2 is a sample of the data obtained. These 
data w .rre used in monitoring deterioration and 
in program decision-making with respect to 
which engine to remove and when. 

By the time that a satisfactory spare engine 
could be obtained, both engines P-695743 and 
P-695745 had accumulated 1081 in-flight 
hours and 141 take-off cycles. This operatmg 
time was higher than the originally planned 
300 to 500 in-flight hours; however, with the 
long flights of this aircraft, a relatively low 
number of flight cycles! 141 ) had been accum- 
ulated. Tliis number of flight c\ cles is com- 


mensurate with that typically accumulated on 
domestic aircraft with 300 to 500 hours of 
operating time. 

TABLE I 

PLUG-IN CX)NSOLE TESTS OF 
JT9D-7AISP) NO. 1 AND NO. 2 ENGINES 
ON NS36PA AIRCRAFT 


Date 

Hours 

Cycles Location 

April 21, 1977 

0 

0 

Boeing; 
Seattle, Wash. 

May 9. 1977 

18 

II 

J.F. Kennedy; 
New York 

May 16, 1977 

no 

19 

J.F. Kennedy; 
New York 

May 19, 1977 

155 

23 

J.F. Kennedy; 
New York 

June 20, 1977 

614 

91 

J.F. Kennedy ; 
New York 

July 18, 1977 

1021 

133 

J.F. Kennedy; 
New York 


TABLE II 

FLIGIfr TEST DATA OF JT9D-7A(SP) 
NO. I AND NO. 2 ENGINES ON 
NS36PA AIRCRAFT 


Date 

Hours 

Cycles 

May 4. 1977 

10 

5 

May 6, 1977 

14 

10 

May 10. 1977 

18 

11 

May 16, 1977 

no 

19 

May 20, 1977 

155 

23 

June 20. 1977 

614 

91 

July 18, 1977 

1021 

133 
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Tho analy scs of the PIC data prior to removing 
an LMigine from aircraft N536PA is shown in 
Figure 3. The deterioration in thrust specific 
fuel consumption of engines P-695743 and 
P-695745 was estimated at 1 .4 percent and 
1.1 percent, respectively. Analysis of the En- 
gine Condition Monitoring data showed a 
larger diO^rence in deterioration levels between 
the two engines; 1 .5 jiercent on P-595743 ver- 
sus 2.5 percent on P-695745. 

Deeper fan seal rub was observed on P-695743, 
ana. based on these observations, this engine 
was selected for removal and returned to 
Pratt & Whitney Aircraft’s JT9D Test Facilities 
in Middletown to begin a series of systematic 
tests to assess engine deterioration. 

The change in thrust specific fuel consumption 
previously mentioned for engines P-695743 
and P-695745 could not be determined from 
the PIC data as thrust can not be measured on 
the wing. .An analysis of module deterioration 
is required from which the change in thrust 
can be inferred. A performance deterioration 
modeling activity underway under other tasks 
of the N.ASA JT9D Engine Diagnostic Program 
yielded an improved analysis technique by 
utilizing a fixed relationship of efficiency and 
flow capacity losses due to clearance changes 
for each module. These relationships or pair- 
ings provided a reduction of unknowns re- 
quired to make the determination of module 


performance losses and therefore estimated 
thrust loss. Figure 3 presents the results of the 
analysis of PIC data utilizing this improved 
technique. The results of the production and 
experimental testing of engine P-695743, dis- 
cussed later in this report, showed this analy- 
sis to be accurate. 


3.2 ENGINE HISTORY 

Engine serial number P-695743 was assembled 
new in Pratt & Whitney Aircraft’s Production 
Assembly Department in Middletown during 
November 1 976 as a JT9D-7A( SP) P. N636900 
engine assembly. P-695743 completed its final 
production acceptance test in test stand No. 4 
in Middletown on November 16. 1976. Tlie 
engine was then packaged and shipped to Tlie 
Boeing Company for installation in the No. 2 
position on B-747(SP) aircraft serial number 
N536P.A. Prior to any flight time on N536PA. 
P-695743 was calibrated using the PIC system, 
establishing a performance base line for an in- 
stalled engine for further deterioration analy- 
sis using PIC system data to be analyzed and 
covered under Task II. There were no incidents 
on P-695743 up to the time of removal from 
the aircraft other than an oil tank change after 
a few flights and prior to delivery to Pan 
American. 
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SECTION 4.0 


OVERALL ENGINE PERFORMANCE 
TEST RESULTS 


4.1 INTRODUCTION 

The test Ciigine. P-695743, was calibrated in 
the production test stan*' to establish the over- 
all eng’ne performance deterioration since new. 
An “as-received” calibration was run to per- 
mit comparison of overall performance changes 
and parameter siiifts with production data 
taken at Pratt & Whitney Aircraft prior to ship- 
ment of the engine to Boeing for installation. 
The engine was water and detergent washed to 
remove accumulated surface dirt on gas-path 
parts and to evaluate the effectiveness of each 
procedure in restoring performance. The after 
detergent wash performance levels establish 
the level of TSFC deterioration from cum- 
ulative mechanical damage causes. These per- 
formance data, however, did not permit suffi- 
ciently accurate assessment of the distribu- 
tion of performance losses at the module/ 
component level, and testing with experimen- 
tal engine cases and instrumentation was con- 
ducted to determine the distribution of per- 
formance losses at the module level. 

4.2 PRODUCTION TEST STAND EVALU- 
ATION 

To minimize the effect of test hardware differ- 
ences during the evaluation in the production 
test stand, engine P-695743 was equipped with 
the same fan ducts and a similar tailpipe, and 
was installed in the same test stand as was used 
for the original production acceptance test. 
Table III presents the sequence of tests in the 
Middletown production test facility and the 
resulting changes in thrust specific fuel con- 
sumption (ATSFC) for each test relative to 
the production acceptance test. Actual test 
data are plotted in Figure 4 for each of the 
tests. 


TABLE III 

PRODUCTION STAND TEST SEQUENCE 
Test ATSFC at Take- 


Date 

Description Off Thrust ( '/( ) 

Nov. 16, 1976 

Production Ac- 
ceptance Test 

Base Line 

July 28, 1977 

As Rec'eivcd 
(1081 hours and 
141 cycles) 

+ 1.5 

July 29, 1977 

After Retrim to 
New Production 
Engine Vane Con- 
trol (E VC) Sched 
ule for Engine 
P-695743 

+1.4 

Aug. 1, 1977 

After Water 
Wash 

+ 1.2 

.\ug. 1. 1977 

After Retrim to 
EVC Schedule 
Prior to Deter- 
gent Wash 

+ 1.2 

Aug. 2. 1977 

After Detergent 
Wash 

+ 1.2 


As received, engine P-695743 had deteriorated 
+ 1.5 percent in TSFC at take-off thrust 
(46, 1 50 pounds). The high-pressure compres- 
sor stator vane schedule was low relative to the 
production acceptance level by approximately 
1 .5 degrees, and the engine vane control was rc- 
trimmed to eliminate any performance change 
resulting from off-schedule vanes. After retrim- 
ming, the as-received level of TSFC was im- 
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Figure 4 Production Tea Stand Calibration - Test results are plotted for each of the tests defined in 
Table UL 


proved by -O.I percent due to an estimated 
+0.15 point improvement in high-pressure 
compressor efficiency. Engine P-695743 was 
then water washed to remove any effects re- 
sulting from contamination of the flow path 
by dirt, grease, etc. 

The water wash improved engine TSFC by 
another -0.2 percent, due primarily to a +0.3 
point improvement in high-pressure compres- 
sor efficiency. Another slight adjustment to 
the vane schedule and a subsequent detergent 
wash resulted in no further TSFC improve- 
ment. In summary, the level of TSFC after re- 
moving the effects of gas-path contamination 
and off-schedule vanes was +1.2 percent rela- 
tive to the production acceptance test level. 

Production engines ate not designed for ex- 
tensive performance instrumentation because 
this capability is not required for the monitor- 
ing of engine performance in revenue service. 
Consequently, capability for measuring a 
number of pressures and temperatures, re- 
quired for accurate analysis of engine module 
performance, is provided at single points 
(T{ 3 , Ti 4 , F*b) or by single averaging rakes 
(four point average for P( 3 ) at one circum- 


ferential location in the gas path during 
the production test stand evaluation. Changes 
in clearances of mechanical part condition are 
likely to produce changes in radial and/or 
circumferential flow profiles. Thus, the 
accuracy of these measured values are suspect 
as to the degree to which they represent true 
average gas-path pressure or temperature con- 
ditions. In addition, fan exit temperature and 
pressure and high-pressure turbine exit pressure 
are not measured. These parameters are re- 
quired to accurately determine changes in 
fan, high-pressure turbine, and low-pressure 
turbine performance. 

Performance engineers have developed a com- 
prehensive analysis technique to estimate en- 
gine module performance changes from engine 
test data. This technique utilizes influence 
coefficients which relate module efficiency 
and flow capacity to various measured gas 
generator performance parameters as theoret- 
ically derived from a computer simulation oi 
the JT9D-7 engine at sea level take-off con- 
ditions. Since all of the parameters for deter- 
mining efficiency and flow capacity loss were 
not directly measured during this test, various 
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combinations of module loss estimates were 
evaluated. The evaluation was iterated until 
the summation of all of the estimates of 
module losses produced changes in measur- 
able parameters that agreed reasonably well 
with the measured parameter changes. 

The gas generator data from the last pro- 
duction calibration of engine P-695743 were 
compared to the original production accep- 
tance test data, and the results of the com- 
prehensive analysis discussed above are pre- 
sented in Table IV. This table compares the 
measured parameter changes with the calcul- 
ated changes in these parameters that would 
occur in an average new engine using the ana- 
lytically determined module performance los- 


ses which are listed in Table V. Table V also 
presents the distribution of the equivalent 
change in TSFC for each module. 


It can be noted that this analysis indicates 
that most of the deterioration is in the turbine 
section (0.8 percent TSFOwith relatively 
little in the fan and compressor section (0.24 
percent TSFC). The results also indicate that 
a large part of the deterioration is in the low- 
pressure spool (fan low-pressure compressor 
+ low-pressure turbine = 0.74 percent TSFC) 
and a lesser amount in the high-pressure spool 
(high-pressure compressor + high-pressure 
turbine = 0.3 percent TSFC). 


TABLE IV 

GAS GENERATOR ANALYSIS 

POST DETERGENT WASH DATA RELATIVE TO PRODUCTION ACCEPTANCE 



Measured 

Calculated Parameter 

Parameter 

Parameter 

Change {% or “F) Based on 

Change (% or "F) 

Estimated Module Changes 

Measured at Constant F^: 

TSFC 

+ 1.2 

+ 1.04 

Measured at Constant EPR: 

Fn'«T2* 

- 0.8 

- 0.5 

Wf* 

+ 0.4 

+ 0.5 

Nl* 

+ 0.1 

0 

Ns* 

- 0.1 

- 015 

"'‘at* 

- 0.3 

- 0.3 

•’T3''‘*T2 

0 

+ 0.1 

Pb/PlB 

- 0.7S 

- 0.85 

•*b'*‘T7 

- 0 75 

- 0.75 

Tt3* 

+ 1“F 

+ 1"F 

Tt4* 

- 2"F 

- 4"F 

TT5* 

+ 3*F 

+ 8*F 

Tt6* 

+I5“F 

+10*F 

Tt7* 

- 2'F 

^lO^F 

Other Parameters 

Fan Flow Capacity 

- 03 

- 03 

Low-Pressure Com- 
pressor Flow 

Capacity 

- 0.3 

- 0.3 


Corrected to Station 
2.0 Conditions. 
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TABLE V 


SUMMARY OF EQUIVALENT MODULE DETERK RATION 
BASED ON INFLUENCE COEFFICIENT ANALYSIS 


Parameter 

Estimated Module 
Parameter Change (%) 

Equivalent Change 
in TSFC(7f) 

Fan: 

Efficiency 

- 0.25 

+0.19 

Flow Capacity 

- 0.30 

-0.04 

Low-Pressure Compressor: 

Efficiency 

- 0.2.^ 

+0.09 

Row Capacity 

- 0.30 

0 

High-Pressure Compressor: 

Efncien*'v 

0 

0 

Flow C?’ y 

0 

0 

High-Pressu . rbine: 

Efficiency 

- 0.35 

+0.23 

Flow Capacity 

+ 0.50 

+0.07 

Low-Pressure Turbine: 

Efficiency 

- 0.50 

+0.50 

Flow Capacity 

0 

0 


Total = 

+1.04 


Measured = 

+1.20 


4.3 EXPERIMENTAL TEST STAND 
EVALUATION 

In order to evaluate component performance 
levels more accurately, the engine was partial- 
ly disassembled to permit the installation of 
special experimental engine cases and an ex- 
panded instrumentation package. During re- 
assembly, special attention was given to main- 
taining the clearances at their disassembly 
value during installation of the experimental 
cases. The installed expanded instrumentation 
permitted a direct means of measuring average 
temperature and pressure conditions and 
profile effects from which component per- 
formance could be directly calculated. After 
installation of the experimental cases and ex- 


panded instrumentation, the engine was pre- 
pared for testing in an experimental test 
stand. 

The test was conducted in X-8 test stand at 
Pratt & Whitney Aircraft’s Last Hartford Fn- 
gineering test facilities and consisted of a ten- 
point calibration. Using data from the ex- 
panded instrumentation testing, efficiencies 
were calculated for the fan. low-, and high- 
pressure compressors, and high- and low- 
pressure turbines. The efficiency level for 
each module was determined from these 
data at sea level take-off engine pressure ratio. 

Component efficiency levels were not meas- 
ured during production acceptance testing of 
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engine P-695743. Therefore, the calculated 
component efficiency levels were compared 
to experimental and production test data 
from other engines and component rig tests 
wliich represent the average new production 
component performance definitions in the 
design system. The comparison is indirect, 
however, it represents the only type of com- 
parison that could be undertaken to accom- 
plish an improved assessment of the com- 
ponent efficiency losses that occurred during 
operational usage. 


Data from low-pressure turbine rig testing was 
used to establish low-pressure turbine per- 
formance deterioration. In order to compare 
engine data to rig data, the engine data for the 
low-pressure turbine must be corrected to re- 
move the effect of the turbine exit case strut 
loss that is sensed by the Pj7 probes. Rig 
component efficiencies which form the base 
line are based on performance data measured 
upstream of the struts. The correction in- 
creases low-pressure turbine efficiency by 
0.5 point. 

An additional correction was applied to high- 
pressure compressor and turbine efficiencies 
to account for a difference in the trim of the 
stator vane schedule (SVS) between the ex- 
perimental calibration of P-695743 and the 
base line. Examination of the variable vane 
schediile versus corrected high-pressure spool 
speed showed the vane schedule during the 
calibration to be closed relative to that of 
the base line. The test engine calibration data, 
therefore, was analytically adjusted for vane 
schedule using a correction curve based on a 


combination of rig and engine vane schedule 
experience. This correction increased high- 
pressure compressor efficiency by 0.8 point 
and lowered high-pressure turbine efficiency 
by 0.5 point. 

The module losses developed by comparing 
the adjusted P-695743 module efficiency 
levels with the design system production 
acceptance test base line levels are presented 
in Table VI. The summation of the individual 
module ATSFC’s of 1.19 percent agrees very 
closely with the measured production test 
stand data (1.2 percent). This analysis indi- 
cates that the low-pressure compressor ano the 
high-pressure turbine are the principal cor.tri- 
butors to the overall engine deterioration. Ad- 
ditionally, the results show that the losses are 
about equally split between the high- and low- 
pressure spools as well as between the hot and 
cold section components of the engine. 

A comparison of the production test results 
and the experimental test program on 
P-695743 are shown in Table VII. 


The analysis of the experimental data, when 
compared to the production data analysis, re- 
sults in a redistribution of losses in the low- 
pressure spool from low-pressure turbine to 
low-pressure compressor and the somewhat 
higher measured losses in the high-pressure 
turbine. Section S.O discusses and compares 
the module performance loss assessment based 
on experimental testing with those obtained 
from the inspection and analysis of part con- 
dition and clearances obtained during the 
analytical teardown of engine P-695743. 
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TABLE VI 

RESULTS OF CALIBRATION IN EXPERIMENTAL TEST STAND 
Component A Effinency (*) 7rA TSFC/A Efficiency A TSFC (7ft 


Fan 

-0.2 

-0.77 

+0.15 

Low-Pressure 

Compressor 

-1.0 

-0.35 

+0.35 

High-Pressure 

Compressor 

-0.2 

-0.59 

+0.12** 

High-Pressure 

Turbine 

1 

P 

-0.67 

+0.47** 

Low-Pressure 

Turbine 

-0.1 

-0.99 

+0.10*** 



Total 

+1.19% 



Measured ATSFC 
(Production) 

+1.2% 


* Relative to Production Acceptance Test 
** Adjusted for HPC SVS Differences 
*** Corrected for Turbine Exit Case Strut Loss 


TABLE VII 

COMPARISON OF PRODUCTION TEST AND EXPERIMENTAL 

TEST RESULTS 


Component 

Estimated 

Efficiency Change (% ) 
Production Test 

Estimated 

Efficiency Change (%) 
Experimental Test 

Fan 

-0.25 

-0.20 

Low-Pressure Compressor 

-0.25 

-1.00 

High-Pressure Compressor 

0 

-0.20 

High-Pressure Turbine 

-0.35 

-0.70 

Low-Pressure Turbine 

-0.50 

-0.10 
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SECTION 5.0 


.MODU LE/COMPONENT TEST 
RESULTS 


3.1 FAN 

During P-695743 engine testing using expand- 
ed instrumentation, fan efficiency was calcu- 
lated (e*" previousl> discussed in Section 4.0) 
at each operating point and plotted to est: o- 
lish the operating line and a value at an engine 
pressure ratio lc\el corresponding to take-off 
power. Figure 5 shows the fan operating 
line for all of the calibration points. The com- 
parison of this level with the level of fan 
efficiency for an engine after production 
acceptance test established that the fan had 
lost 0.2 point in efficiency over the time 
period of service of engine P-695743. On 
this basis, the measured short-term efficiency 
deterioration in the fan module of engine 
P-695743 is estimated as 0.2 point. 

Analytical Teardown 

During the analytical teardown and inspection, 
the fan module was found to be in generally 
excellent condition. Measurements of fan tip 
clearance, rub-strip depth, airfoil surface 
roughness, blade length, etc., as well as visual 
observation of the parts condition, were 
made. 

Outer Air Seal Gearances 

The average blade tip clearance over the top 
half of the engine, shown in Figure 6, was 
measured piior to the initial teardown as 0.136 
in. The Bill-of-Materials nominal tip clearance 
is 0.1 20 in. and the average engine after pro- 
duction acceptance test has negligible fan rubs. 
This information leads to the conclusion that 
the engine fan tip clearance had increased 
+0.016 inch since its production acceptance 
test. Fan rub-strip rub depths were also mea- 
sured during the teardown. These measure- 


ments are shown in Figure 7. The effect of the 
0.065 inch rub-strip offset grind on the bot- 
tom quarter of the engine has been factored 
out of these measurements. The average rub in 
the upper half of the engine was 0.030 inch, 
highf'r than the 0.016 inch calculated tip clear- 
ance change. However, fan rub depth measure- 
ments are considered a less accurate indicator 
of tip clearance. 

It should be noted that the rub-strip installed 
by P&WA, a 0.1 1 5 inch offset configuration, 
was removed at Boeing and replaced with a 
0.065 inch offset configuration prior to the 
first flight. 

Approximately iO percent of the blade tips 
had indications of rubbing on the fan outer 
air seal. Figure 8 shows both rubbed and rub- 
free blade tips. The fan case outer air seal was 
in excellent condition with the expected blade 
rub paths around the entire circumference. 
Figure 9 shows a typical blade rub path on 
the outer air seal. 

Measurements document a blade tip clearance 
change of +0.016 in. in engine P-695743. Rig 
testing has shown that for a blade the size of 
the JT9D-7 fan. +0.016 in. additional tip 
clearance will penalize fan efficiency by -0.1 5 
point. 

Roughness 

Fan blade surface roughness was measured as 
45 AA* (microinches): new parts have a rough- 
ness of 32 A A*. This surface roughness in- 
crease, combined with t.he fan work level, sea 
level take-off Reynolds Number, and nominal 
fan loss level was run through the compressor 
design system to show that a loss of 0.1 point 
in fan efficiency will result. 


* Arithmetic average 


15 



FAN EFFICIENCY 1% 



ENGINE PRESSURE RATIO 

Figure 5 Fan Module Perfomumce - Efficiency date compa'ison indicated a loss of 0 . 7 point in 
efficiency for the fan. 


TOP 

0.150 INCH 



•CLEARANCES NOT 
NORMALLY MEASURED 
BECAUSE OF 
OFFSET GRIND 


Figure 6 


"As-Received " Fan Blade Tip Qearance Measurements - The average clearance prior lo 
leardown was 0. 13f> in. 
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strips are tabulated below relative to rub 
depths measured on an average productior 
engine after production acceptance test. 
Table X shows an average increase in rub 
depth of +0.0 1 3 in. 
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TABLE IX 

LOW-PRESSURE COMPRESSOR BLADE TIP CLEARANCE INCREASES 


Rotor 

Number 

Measured in 
Test Engine'^in.) 

Change from Post- 
Prod. Accept, (in.) 

Test Engined 
Change from Post- 
Prod. Accept, (in.) 


0.075 

0.072 

+0.003 

3 

0.027 

0.031 

-0.004 

4 

0.091 

0.054 

+0.037 

Avg. 

0.064 

0.052 

+0.012 
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TABLE X 

LOW-PRESSURE COMPRESSOR OUTER AIR SEAL RUB DEPTH INCREASES 


Rotor 

Numirer 

Measured in 
Test Engine*) in.) 

Measured in Post- 
Prod. Accept, (in.) 

Test Engine* 
Change from Post- 
Prod. Accept, (in.) 


0.016 

0.002 

+0.014 

3 

0.006 

0.002 

+0.004 

4 

0.027 

0.004 

+0.023 

Avg. 

0.016 

0.003 

+0.013 


•P-695743 


Tip clearance and rub depth measurements 
agree on the average, showing a 0.01 2 to 0.01 3 
in. tip clearance increase relative to the average 
production acceptance engine. The distribu- 
tion of the tip clearance change, as measured 
by the two methods agree well ; however, the 
rub-strip rub depth method is considered the 
most reliable. 

Compressor rig testing has shown that a O.OI 3 
in. increase in tip clearance will penalize low- 
pressure compressor efficiency by -0.6 point. 

Inner Air Seal Oearances 

Measurements of the inner air seal rub depths 


are shown in Table XI relative to rub depths 
measured after the production acceptance 
test. 


Changes in the inner air seal rub depths are 
minimal and are considered to have had a neg- 
ligible impact on the measured performance 
deterioration. 


The circumferential locations of the rubs and 
rub depths on the inner and outer air seals in 
the low-pressure compressor were documented 
and are shown in Figures 14. IS. 16. 
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TABLE XI 


LOW-PRESSURE COMPRESSOR INNER AIR SEAL RUB DEPTH INCREASES 


Stator 

Measured in 

Measured in Post- 

Test Engine*: 
Change from Post- 

Number 

Test Engine*(in.> 

Prod. Accept, (in.) 

Prod. Accept, (in.i 


0.004 

o.oo: 

+o.oo: 

3 

0.005 

0.000 

+0.005 

4 

0.007 

0.003 

+0.004 

Avg. 

0.005 

o.oo: 

+0 004 


♦P-695743 


TOP 

0.02S INCH 



TOP 

0.010 INCH 



Fif^urc 14 Sccond-Stagc Compressor Seal Centrifugal Ruh l.ocation and Depth DtKumentation Rub 
of the outer air seal /left) is shmn to he light to moderate and of the inner air seal fright) 

IS also light to moderate. 





TOP 

a009 INCH 


TOP 

0.009 INCH 



0.01S aoQS 


Figure 15 Third-Stage Compressor Seal Cemrifugal Rub Location md Depth Documentation - Rubof 
the ou ter air seai (kft) is shosm to be moderate and of die inner air seal (right} is also 
modrrate. 


TOP 

a037 INCH 



0.042 


Figure 1 6 Fourth-Stage Compressor Seal Centrifugal Rub IxKation and Depth Documentation - Rub 
of the outer air seal is shown to he heavy. 


23 



Ruu^ness 

Airfoil surface rougliness was measured as 
36 AA or a slight increase relative to the 
32 A A value for new parts. There were indi- 
cations of dirt on both surfaces of the airfoils 
which is reflected in the surface roughness 
measurements. The performance impact, 
determined by the compressor design system, 
resulting from this increase in roughness was 
assessed to cause an efficiency decrease of 0.1 
point in the low-pressure compressor. 

Overall Physical Condition 

Typical photographs of the low-pressure com- 
pressor blades, stators, a'-.d inner and outer air 
seals are shown in App.ndix G. The airfoils 
appeared to be like new with no indications 
of Foreign Object Damage ( FOD) or erosion. 

All blade root sealant was in excellent condi- 
tion. The 3.0 bleed system, which provides 
for low-pressure compressor stability margin 
during off-design operation, was functionally 


inspected, and no discrepancies or signs of 
leakage were found. The bolts on the case 
flanges were tight and flanges were properly 
sealed. 

Summary 

A summary tabulation of low-pressure com- 
pressor efficiency loss is shown in Table XII. 

5.3 HIGH-PRESSURE COMPRESSOR 

During P-695743 engine testing using expanded 
instrumentation, high-pressure compressor effi- 
ciency was calculated, plotted and estimated 
for an engine pressure ratio corresponding to 
take-off power. Figure 1 7 shows the high- 
pressure compressor efficiency levels for all 
of the calibration points along with the 
adjusted efficiency level at sea level take-off. 

Hish-pressure compressor efficiency level for 
an average engine after production acceptance 
test was used for comparison and the measured 
short-term efficiency deterioration in the high- 
pressure compressor module was initially 
estimated as -0.2 point. 


TABLE XII 

SUMMARY OF LOW-PRESSURE COMPRESSOR EFFICIENCY LOSSES 

EXPERIMENT AL TEST RESULTS 

ATSFC 

Module AEff. AEff. ATSFCt M 


Low- 

Pressure 

Comprt'sor -1.0 -0.35 +0.35 


ANALYTICAL TEARDOWN RESULTS 

Efficiency Loss 

Airfoil Roughness Tip Gea ranee A Eff. t'>) 


Equivalent 

ATSFClM 


-0.1 point 


-O.O point 


-0 7 


+0.25 
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Figure 1 7 High-Presatre Compressor Performance - Efficiency data indicated a loss of 0.2 point in 
efficiency for the high-pressure compresses. 


The indicated adjustment to high-pressure 
compressor efficiency was based on an exam- 
ination of the stator vane schedule as a func- 
tion of corrected high-pressure rotor speed, 
which indicated that the vanes were closed 
relative to those of an average production 
engine. The measured parameters were ad- 
justed to reflect the vane closure based on 
correction curves developed from rig and 
engine vane schedule experience. 

Analytical Teardown Results 

During the analytical teardown and inspec- 
tion, the high-pressure compressor was found 
to be in excellent overall condition. Measure- 
ments of the high-pressure compressor blade 
tip ck trance, blade length, rub-strip rub 
depth, rub location, inner air seal rubs, airfoil 
surface roughness, etc., as well as visual ob- 
servation of the parts condition, were made. 
Blade length measurements showed the blades 
to be within blueprint tolerances with the 
exception of the 12th.-stage blades which 
were 0.005 in. under the blueprint minimum 
length. The penalty for blade-length change 
was judged to be immeasureable. 


Outer Air Seal Clearances 

Blade tip clearance measurements by stage are 
shown in Figure 1 8 relative to clearances for 
the average JT9D-7 after the production 
acceptance test. As shown on the figure, the 
P-695743 engine clearances appear, on the 
average, to be tighter by 0.003 in. than that 
for the average JT9D-7 after the production 
acceptance test. 

Measurements of outer rub-strip rub depth 
data are shown in Figure 1 9. These measure- 
ments show that engine P-695743 blade tip 
clearances had increased by 0.004 in. relative 
to the average JT9D-7 after the production 
acceptance test. 

These two methods of establishing blade tip 
clearance (direct measurement of clearance 
and measurement of rub-strip rub depth) were 
analyzed, and it is concluded that the tip 
clearance in the high-pressure compressor of 
engine P-695743 increased from 0.0 to 0.004 
in. The two clearance values were averaged to 
yield a tip clearance change of 0.002 in. rela- 
tive to an average production JT9D-7 engine 
after production acceptance test. Compressor 
rig testing has shown that a 0 002 in. increase 
in the tip clearance will penalize high-pressure 
compressor efficiency by -0.2 point. 
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Figure 18 DiKumentation by Stage of High-Pressure Compressor Uade Tip Clearance - On the aver- 
age. the test engine cteanuKe is tighter than that for the average JT9D- 7 en^ne after the 
production acceptance test. 



I 


AVERAGE 

RUB 

DEPTH 


Figure 1 9 Documentation by Stage of High-Pressure Compressor Rub-Strip Rub Depth These mea- 
surements show that the test engine tip clearance had increased by 0.004 in. relative to the 
average JT9D- 7 engine after the production acceptance test. 
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Inner .4ir Seal Clearances 


Table XIII compares blade tip clearance based 
on measurements of radial groove depths in 
the inner air seal for the test engine and en- 
gines after production acceptance tests. On 
the average, the overall groove depth change 
was 0.001 in. greater on engine P-695743, and 


this change was judged to have a negligible 
impact on measured performance deterioration. 

The circumferential locations of the rubs and 
rub depths on the inner and outer air seals in 
the high-pressure compressor were documented 
and are shown in Figure 20 through 30. 


TABLE XIII 

RADIAL GROOVE DEPTHS IN THE INNER AIR SEAL 
Avg. Groove Depth (in.) 

Stage in New Production Avg. Groove Depth (in.) 

Number Green-Run Engines in Test Engine* 


5 to 6 

0.007 

6 to 7 

0.011 

7 to 8 

0.003 

8 to 9 

0.003 

9 to 10 

0.004 

10 to 11 

0.004 

1 1 to 1 2 

0.004 

1 2 to 1 3 

0.002 

13 to 14 

0.003 

14 to 15 

0.011 


TOP 

0.000 INCH 



0.007 

0.003 

0.005 

0.003 

0.004 

0.005 

0.004 

0.001 

0.016 

0.0 1 5 *P-695743 


TOP 

0.010 INCH 



Figure 20 Fifth Stage Compressor Seal Circumferential Rub location and Depth Documentation Rub 
of the outer air seal (left) is shown to be light and in isolated areas, and knife edge grooving 
of the inner air seal fright) is shown to be light to moderate. 
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TOP 

0.000 INCH 


TOP 

O.OOS INCH 



Figure 21 Sixth-Stage Compressor Seal Grcumferentml Rub Ijocation and Depth Documentation 
Rub of the outer air seal (left) is shown to be light and in isolated areas, and knife edge 
grooving of the inner air seed fright) is shown to be li^t. 


TOP 

0.000 INCH 



TOP 


0.015 INCH 



Figure 22 Seventh-Stage Compressor Seal Grcumferential Rub Location and Depth Dicumentation 
Rub of the outer air seal (left) is shown to be light and in isolated areas, and knife edge 
grooving ofihe air seal (right) is shown to be moderate. 
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TOP 

0.006 INCH 



TOP 

0.010 INCH 



Rgure 23 highth-Stage Compressor Seal Orcumferential Rub Location and Depth Documentation - 
Rub of the outer air seal (left) is shown to be li^t and in isolated areas, and knife edge 
grooving of the inner air seal (right} is shown to be moderate. 


TOP TOP 

0.008 INCH 0.015 INCH 



Rgure 24 Ninth-Stage Compressor Seal Circumferential Rub Location and Depth D>cumentation 

Rob of the outer air seal (left} is shown to be li^t, and knife edge grooving of the inner seal 
(right) is shown to be light. 
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TOP TOP 

0.016 INCH 'NCH 




Rgure 25 Tenth-Stage Compressor Seal Grcumferential Rub Location and Depth Documentation - 

Rub of the outer air seal (left) is shown to be moderate, and knife edge grooving of the inner 
air seal fright) is shown to be moderate. 


TOP 

0.008 INCH 



0.001 


TOP 

0.015 INCH 



OCKO 


Figure 26 Lleventh-Stage Lompressor Seal Otcumfercntial Rub l.ocation and Depth Documentation - 
Rub of the outer air seal (left) is shown to be li^t. and knife edge grooving of the inner air 
seal (right) is shown to be moderate. 
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TOP T- 

0.018 INCH 0.010 INCH 



0.020 0.000 


Figure 27 Twelfth- Stage Compressor Seal Grcumferential Rub Location rnJ Depth Documentation - 
Rub of the outer air seal (left) is shown to be moderate to heavy, and knife edge grooving 
of the inner air seal frigfit) is shown to be ligfit. 


TOP 

0.006 INCH 


TCP 

0.030 INCH 



0.013 


0.010 



Figure 2S Thirteenth-Stage Compressor Seal Grcumferential Rub Location and Depth Documentation 
Rub of the outer air seal (left) is shown to be light to moderate, and knife edge grooving 
of the inner air seal (right) is shown to be light to moderate. 
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TOP 

a017 INCH 


TOP 

0.017 INCH 




f^iwr 29 Fatvtetnth-Suge Compmsor Seal Gnumfermtiai Rub luxation mul Depth Dtcumenta- 

ri<m Rub of the outer av seal(left) a sSmun to be heavy, and knife edge of the impair 
tea: (ri^t I is sho AU to be light to moderate. 


TOP 

0.017 INCH 



0.02 • 


Figure JO Fifteenth-Stage CompresS(a Seal CSrcumferential Rub Ixxatiim and Depth Documenta- 
tion Rub of the outer air seal d shown to be heavy. 
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Surface Roughness 

Airfoil surface roughness ranged from 40 AA 
on the ninth-stage blades to 1 S AA on the 
1 4th- and ISth-stage blades. The average 
roughness approaches 32 AA which is the 
average roughness for new engines. The 
performance impact as a result of surface 
roughness was insignificant, and no penalty 
was assigned. 

Other Physical Conditioiis 

Typical photographs of the high-pressure 
compressor blades, stators, and inner and 
outer air seal hardware are shown in Appen- 
dix G. All blade root and case flange sealant 
was found in generally excellent condition. 
Range bolts were tight such that the mating 
surfaces were well sealed. The airfoils were 
like new with no FOD or erosion except for 
one blade on the sixth-stage rotor which had 


an as-received blended radius on the leading- 
edge tip. All of the variable stator vane assem- 
blies were found to be in excellent condition, 
both operationally and from a durability 
standpoint. The 3.S bleed system, which 
provides for high-pressure compressor stability 
margin during off-design operation, was 
functionally inspected, and no discrepancies 
or leakage proUems were found. 

Summary 

A summary tabulation of high-piessure com- 
pressor efficiency loss is shown in Table XIV. 

5.4 DIFFUSER/COMBUSTOR 

Even though the diffuser/combustor module 
has no direct contribution to TSFC, the 
combustor hardware can influence the per- 
formance of the turbines. 


TABLE XIV 

SUMMARY OF HIGH-PRESSURE COMPRESSOR EFFICIENCY LOSSES 



TEST RESULTS 

A TSFC 


Module 

AEff.rrl 

AEff. 

ATSFCt'+l 

High-Pressure 

Compressor 

-0.2 

-0.6 

+0.12 


ANALYTICAL TEARDOWN RESULTS 


Efficiencv Loss 


Equivalent 

Airfoil Roughness 

Tip Clearance 

AEff. 

ATSFCt'T) 

0.0 point 

-0.2 point 

-0.2 

+0.12 
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During the analytical teardown and inspection, 
the diffuser/ combustor sections were found 
to be in excellent condition. Hardware in 
these sections was visually and dimensionally 
inspected to establish any regions where de- 
terioration or change could account for some 
of the performance losses established for the 
turbines The diffuser section was in excellent 
condition. Figure 31 shows the condition of 
the 1 5th-stage stator and the high-pressure 
compressor discharge flowpath into the dif- 
fuser case. The burners were in excellent corr- 
dition as shown in Figures 32 and 33. The 
burner outer liner showed no bum streaks, 
no cracks, some dimple closure, some carbon 
on the trailing edge of the carbon cylinders, 
some carbon film on the swirier bellmouth, 
some carbon film on the false heads, and some 
slight erosion on the false head OD comers at 
the hub location. On the burner inner liner, 
there were no aimple cracks, some indications 
of minor streaking, and some minor magnesi- 
um zirconate flaking. The overall burner criti- 
cal fits were all within blueprint tolerances. 

The fuel nozzles were in excellent condition, 
as shown in Figure 34. with only minor indi- 
cations of coking. During the “as-received” 
bench cahbration of the fuel nozzles, all of 
the nozzle primary flows and spray patterns 
were well within limrts. During the secondary 
flow check, some of the nozzles (7 of 20) had 
flows outside of limits, on the low side as 
shown in Figure 35, and most of the nozzles 
( 1 8 of 20) demonstrated light streaking of the 
spray pattern. All of the nozzle minor flow 
deviations and spray pattern streaking were 
corrected and brought within limits by brush- 
ing and flushing the parts. 


Overall, the diffuser/combustor module me- 
chanical condition was such that no hardware 
deterioration or change could be measured 
that should have contributed short-temi per- 
formance deterioration. 

5.5 HIGH-PRESSURE TURBINE 

During P-695743 engine testing using expanded 
instrumentation, high-pressure turbine efficiency 
was calculated, plotted, and estimated at an 
engine pressure ratio level corresponding to 
take-off power. Figure 36 shows the operating 
line of high-pressure turbine efficiency for all 
of the calibration points along with the ef- 
ficiency level at sea level take-off. Compared 
to high-pressure turbine efficiency for new 
production engines, the measured short-term 
deterioration in the high-pressure turbine ef- 
ficiency is estimated as -0.7 point. 

The estimated efficiency was adjusted to 
reflect the impact of the closed higli-pressure 
compressor variable vanes on the operating 
characteristics of the high-pressure turbine. 

This adjustment was developed based on 
experimental engine experience. 

.Analytical Teardown 

During the analytical teardown and inspec- 
tion. the high-pressure turbine module was 
found to be in generally good condition. Meas- 
urements of the high-pressure turbine blade 
tip clearance, blade length, rub depth, rub 
location, cold flows, vane width, vane tilt, 
flow passage area. etc., as well as visual obser- 
vation on the parts condition, were made. 
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Figure 36 Higfl-Pressure Turbine Performance - Efficiency data auBcateda loss of 0.7 point in 
efficiency fur the hi^-presatre turbine. 


Outer Air Seal Gearsiices 

The first-stage high-pressure turbine rotor tip 
clearance at mklchord and the first-stage outer 
air seal rub patterns showed similar wear and 
rub characteristics as those in engines after 
production acceptance test as shown in Table 
XV. Additional study and detailed blade tip 
measurements by shadowgraph (at 20-X mag- 
nirication) showed additional wear of 0.014 
in. at the blade leading edge and 0.009 in. at 
the blade trailing edge, with the wear being 
reduced to zero at the blade midchord. This 
type and degree of wear has been assessed, 
using the design system, to cause a perform- 
ance penalty of 0.1 point in high-pressure 
turbine efficiency. The second-stage high- 


pressure turbine outer air seal average radial 
groove depth was 0.004 in. less than that for 
the average new production engine as shown 
in Table XV. Based on this information it was 
felt that the second-stage blade tip clearance 
did not contribute to the test engine perform- 
ance deterioration since the production 
acceptance test. The circumferential locations 
of the rubs and rub depths on the outer air seal 
were documented as shown in Figure 37. 

Inner Air Seal Cieatances 

The inner air seals were in excellent condition 
and showed negligible wear or rub indications 
and were typical of tb**'e parts in engines after 
production acceptanc test. 
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TOP 

0j002 inch 




SECOND-STAGE SECOND-STAGE 

FRONT LAND REAR LAND 


Figures? Fint- and Scennd-Stage Turbine Outer Air Seal Orcumferential Rub Ltication and Depth 
Dtcumeniatiim - Rub kycations and depths are shown. 
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TABLE XV 

HIGH-PRESSURE TURBINE BLADE CLEARANCES 



Number 

Cleaiance (in.) 


Stage 

of 

in New Produetton 

Clearance (in.)^^ 

Number 

Endues 

Gieen-lun Engines 

in Test Engine** 

1 

12 

0.078 

0.078 

2 

18 

0.027* 

0.023* 


*Radial groove depth in outer air seal. Tip clearance data not avaUaUe for second stage of 
high-pressure turbine for green run engnies. Tip clearance of second stage of P-695743 was 
0.039 inch. 

♦♦P-695743 


Vane Leakage 

There was no vane bowing and no platform 
mismatch found on the high-pressure turbine 
inlet guide vanes, even thou^ some vanes had 
platfoim cracks (see Figure 38). During a 
check for potential leakage, the rear portion 
of the first-stage vane ID support showed 
dimensions to be smaller than the bluefuint 
dimensions which was interpreted as a tight 
fit with no performance loss effects. A spat- 
tering of magnesium zirconate deposits from 
the combustor was found on the first-stage 
blade suction surfaces (as shown in Figure 39) 
aft of the leading edge of the blades. 

An unex|x;cted short-term engine deterjora- 
tion mo ,e in the high-pressure turbine was 
identified during the second-stage vane 
measurements. A sampling of the vanes were 
measured for feet width growth, twist, and 
tilt and, as shown in the Weibull plot. Figure 

40. the axial widths of the second-stage vane 
inner feet were fourrd to exceed blueprint 
nominal dimensions by an average of 0.0 1 2 
in. All vanes were found to exceed this blue- 
print maximum width dimension of 1.138 in. 
Titis deterioration mode produces a leakage 
path between the second-stage vane inner 
feet and the vane shroud, as shown in Figure 

41 . The size of the triangular leakage area is 


dependent on the width between the vane 
feet. 

A plot of the second-stage vane twist check 
showed the vanes to have twisted open at the 
IDby an average of 20 minutes (see Figure 42). 
Approximately IS percent of the vanes are 
shown to exceed the acceptable limit of 38 
minutes. These changes were assessed in a low 
time service engine. This average twist of 20 
minutes results in 0.006 in. larger root gaging 
distance which was evident and measured in 
the second-stage vane flow area check. Figure 
43 is the Simpson’s Rule measurement of the 
second-stage vane flow area. The twist measure- 
ment results are evident in the ID gaging dis- 
tance increase of 0.006 in. In the Simpson's 
Rule check, the area under the curve repre- 
sents the gas flow path of the vanes. In this 
case, the measured flow area is 1 29.0 sq. in. re- 
lative to an estimated 128.4 sq. in. when new. 

A plot of the vane ID tilt measurements (Fig- 
ure 44) showed an average tilt of 0.01 1 in. from 
the blueprint nominal tilt. The plot shows that, 
on the average, the vanes are approximately 
one-third through the maximum allowable tilt 
of 0.035 in. Another plot of the second-siage 
vane shroud assembly tilt of 0.01 3 in. shown 
in Figure 45. These results are consistent, both 
in general trend and orders of magnitude, with 
the twist measurements on individual second- 
stage vanes. 
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DISTRIBUTION 



aool aolo aioo 

AXIAL WIDTH DEVIATION FROM NOMINAL (INCH) 


F^ureiO WdbuB Pk>t of Second-Stage TUrUne Vane Inner Feet Axial Width - Average axial width 

exceels bbieprint dimension by 0.012 inch, andatt vanes had foot widths in excess ofbbte- 
print maximum width. 
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Figure 4 1 Second-Stage Turbine Vane Leakage - Excessive vane foot vddth produces a triangular leakage 
area between the vane feet and the vane shroud. 



DISTRIBUTION 



I UiLli^.il L 1 L I : 1 . I . i.m I , i i.i i I 1 I ■ 1 . I I I I , I I I ! [ 1 I I 1 : I : 1 1 l!l l 

t 1.5 2 3 4 5 6 7891 1.5 2 3 4 5 6 7891 1.5 2 3 4 5 6 7891 

1 10 100 


VANE ID TWIST RELATIVE TO A NEW VANE (MINUTES) 

Figure 42 Weibutt Plot of Second-Stage Dirbine Vane Twist Measurements - A verage ID twist was 
about 20 minutes which is approximately one-half of the allowable limit, and about 15 
percent of the vanes exceeded the allowable limit. 
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GAG»NG~AVERAGE DISTANCE BETWEEN AIRFOILS (INCH) 



Figure 43 Second-Stage Turbine Vane Flow Area by Simpson ’s Rule - Measured vane /low area is 
shown to be 129.0 sq. in. compared to an estimated 128.4 sq. in. for the new engine and 
128 . 7 sq. in. area specified on the vanes 


44 




DISTRIBUTION 



0.001 0.010 0.100 

MEASURED TILT DEVIATION FROM NOMINAL (INCH) 


Bgure 44 Weibutt Plot of Second-Stage J\wbine Vane TBt Measurements - Average ID tOt was 

0.011 inch which is about one-third of the allowable Umit. 
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'Hic combined estimated petfonnance penalty 
due to the second-stage vam. width, twist, juid 
tUt deterioration is assessed as -0.6 point in 
high-pressure turbine efficiency. This per- 
formance penalty is due solely to increased 
second-stage vane ID leakage and is a surprise 
Finding in the short-term deterioration study. 
This loss estimate is based on data from a pre- 
vious test program on a high-time engine in 
w'iidi vane foot width growth was first iden- 
I tied ar-'*. diagnosed as a cause of high-pressure 
turbine' performance loss. The loss in perfor- 
mance «'.ue to second-stage vane distortion was, 
therefcre. thought to be a long term perfor- 
mance deterioration mechanism. 

Cooling Flows and Areas 

C old flow measurements of the first-stage tur- 
bine vanes and blades, second-stage turbine 
vanes and blades, and the tangential on-board 
injector <TOBi) duct assembly were all well 
within calibration limits, as shown in Table 
XVI. and assessed as having no effects on per- 


formance deterioration. Gas path flow area 
checks by Simpson’s Rule were also made of 
the first- and second-stage turbine vanes and 
blattes. The first-stage turbine vane area by 
blueprint and classification gage was 82.5 sq. 
in., but the Simpson's Rule measurement 
showed 8S.I sq. in. (see Figure 46). The rea- 
son for this difference is not apparent, and 
the variation from blueprint is not believed 
to be real. Such a change would normally 
result in a Px4/P|"2 ratio change of 1 Vi per- 
cent whidi was not measured during the test, 
roe first-stage turbine rotor blade area check 
is on target except for the blade tip which 
appears to be twisted open slightly, starting at 
midspan (see Figure 47). The second-stage 
vane specified area was essentially verified by 
the Simpson's Rule gaging measurements at 
the OD, but the ID measurements show that 
the vanes were twisted open, as discussed 
earlier (Figure 43). The second-stage blade 
Simpson's Rule measurements show these 
blades to be on target with no indication of 
any deterioration, as shown in Figure 48. 


TABLE XVI 

HIGH-PRESSURE TURBINE AIRFOIL COOLING AIR FLOW AVERAGES 



Measured 

Location in 


Lunits 


Average 

Tokianoe Band (%) 

Min 

Max 

First-Stage Vanes 





Total 

1.487* 

55 

1.315* 

1.628* 

Showeihead 

1.604* 

47 

1.315* 

1.928* 

First-Stage Blades 

0.00735^ 

55 

0.00683^ 

0.00777^ 

Second-Stage Vanes 

0.006905+ 

45 

0.0057+ 

0.0084+ 

Second-Stage Rotor Assy. 

0.273+ 


At a Pressure Ratio of 




1.30 - No Limits 

TOBl Duct 

1.873+ 


1.8587+ 

1.8873+ 


•Pressure Ratio. I*supply^**ambient 

^Flow Parameter. ^ . 

P 

W = Mass Flow (Ib/sec) T = Temperature (“R) P = Pressure (PSIA) 
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RAM US FROM EMGIHE CavTERUME IWCHESl 


ngmt46 FintSuge'nirbineVaHeFbwArrabySimtncm’sltd^-kleasmednneflowmreaajhojMH 
to be 85.1 sq. m. compared to 82.3 sq. m. tpecifkd for fvttstage wames; the noKm far ike 
dacrepmcy a not apparent. 



1«A 1* 1TA 175 110 115 «• 

RADIUS FROM EMGIHE CENTERLINE lINCNESI 

Figure 47 First-Stage TUrbine Biadc Flow Area by Simpson ’s Rule - Measured Node flow area is 

showti to be 105.3 sq. in. and is essenrially on target except for the Made tip which appears 
to be twisted <qten slightly. 


48 






Ftffire48 Second-Siage Tiirbine Blade Fhw Ana by SiH^tsuH'sRiile ~ Me&sund bimk flow era is 

shown t<r be 182.9 sq. in. and e on target. 


11k overall deterioration assessment in the 
high'pa'ssuie turbine since the production 
acevptance test run. asevaluatc*d by the analyt- 
ical teaidown inspection, is -0.7 point in effi- 
ciency which b equivalent to -tO.47 percent in 
TSFC 

Summary 

A siMimary tabulation of the high-presstue 
turbine efficiency loss is shown in Table XVII. 

5.6 LOW-PRESSURE TURBINE 

During P-69S743 engine testing using expanded 
instrumentation, low-pressure turbine efficiency 
was calculated, plotted, and estimated at an 
engine pressure ratio corresponding to take- 
oH power. Figure 49 sltows the operating line 
of low-pressure turbine efficiency levels. Based 
on low-pressure turbine efficiency level for an 
engine after production acceptane'e test, the 
measured short-term efficiency deterioration 


in the low-pressure turbine is estimated, utili- 
zing the design system, as -0 I point. 

The low-pressure turbine efficiency was ad- 
justed to remove the effect of turbine exit 
case strut losses measured by the turbirHr ex- 
haust total pressure IPt?) probe system. Rig 
component efficiencies which form the base 
line are based on data measured upstream of 
the struts. 


Analytical Teardown 

During the analy tical teardown and inspec- 
tion. the low-pressure turbine module was 
found to be in excellent overall condition. 
Mc'asuremcnts of the low-pressure turbine tip 
clearanc'e. inner and outer air seal nib depth 
and rub location, gas path flow area. etc., as 
well as visual observations of the parts con- 
dition. were made. 
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TABLE XVII 


SUMMARY OF HIGH-PRESSURE TURBINE EFHaENCY LOSSES 


TEST RESULTS 

ATSFC 

AEir.(%| A Eff. ATSFCI^I 

High- -0.7 ->0.67 +0.47 

Pressure 

Turbine 

ANALYTICAL TEARDOWN RESULTS 
Effkienev Loss 

Finl-St^ Bhde Secoad-Stage Vane Equhakiit 

Tip Wear ID Leakage A Eff. (%> ATSFC(50 

-0. 1 point -0.6 point -0.7 +0.47 


AOJUSTEO 



Figure 49 tjOw-Prasun Turbine Performance - Efficieruy data rndkated a /<m of 0.1 point in 
efficiency for the lowitreaure turbine. 


Seal Clearances 

The blades were in excellent, like-new con- 
dition with a minor knife edge "feathering" 


on the third-stage blades as a result of rubbing. 
The inner and outer air seal groove depths were 
very similar to the average engine after produc- 
tion acceptance test, as shown in Table XVIII. 
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TABLE XVUl 

LOW-PRESSURE TURBINE SEAL RADIAL GROOVE DEPTH 


Groove Depth (in.) in 
Average of 16* New 
Stage Production Green- 

Number Run Engines 


Groove Depth (in.) 
in Test Engine** 


Outer Air Seal; 


3 

0.005 

0.007 

4 

0.005 

0.003 

5 

0.006 

0.003 

6 

0.007 

0.005 

Avg. 

0.006 

0.005 

Inner Air Seal: 

3to4 

0.008 

0.007 

4 to 5 

0.012 

0.022 

5 to 6 

0.011 

0.008 

Avg. 

O.OII 

0.012 


*AII engines incorporated Mod. II combustms with a cooler OD **P-69S743 

temperature profile than that for the test engine. 


On the basis of these data, no initial deterio- 
ration could be attributed to the low-pressure 
turbine as a result of clearance change. How- 
ever. the test engine was shipped with a com- 
bustor which produces a higher OD tempera- 
ture profile than that f >r the engines "hich 
form the basis for the green-run average . Jove 
depths. \ higher OD temperature profile 
would expand the case and outer air seals of 
the low-pressure turbine, resulting in less rub 
during the green run. Assuming that one-half 
of the total measured grooving and knife edge 
wear occurred after the green run. the level of 
low-pressure turbine deterioration would be 
0.2 percent as assessed by utilizing the design 
system. Because of the uncertainties in the 
above assumption, a range of short-term 
deterioration of 0 to 0.2 percent in TSFC has 
been assigned to the low-pressure turbine. 

The circumferential locations of the rubs and 
rub depths on the inner and outer air seals in 


the low-pressure turbine were documented as 
shown in Figures 50 through 53. 

Flow Areas 

The flow area measurement of the third-stage 
vanes using Simpson's Rule, as shown in 
Figure 54, correlated well with the design tar- 
get line, although the area was larger than the 
target area. The reason for this variation is not 
apparent, but the performance data seems to 
corroborate the target area rather than the 
measured area. Further, no ch-'-ige in area was 
assessed as having occurred during P-695743 
engine operation. Flow area measurements of 
the fourth-, fifth-, and sixth-stage vane clusters 
and all low-pressure turbine rotors were not 
measured since deviations in them would have 
a second order effect on low-presaiie turbine 
performance. The specified areas on the fourth- 
fifth-. and sixth-stage vane clusters were re- 
corded, and the average areas corresponded 
well with the Bill-of-Materials target areas. 
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Figure 50 Third-Stage Seal Caurifitgai Rub Uxatkm and Depth DocumentutioH Rub of the outer 

air sad (left) is shown to be h^t with no rub of the inner air seal fri^tf. 



Figure 51 Fourth-Stage Seal Centrifugd Rub Location and Depth Documentation - Rub of the 

outer air sad (left) is shown to be li^t and of the inner air seal is shown to be modemte 
to harrv. 
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Figure 52 Fifth-Stage Seed Cennifitggl Location and Depth Documentation - Rub of the outer 
air seal (left t is shown to be U^t and of the itmer air sedl is shoum to be modmte to heavy. 



Figure 53 Sixth-Stage Seal Centri/ugal Rub location and Depth Documentation - Rub of the outer 

air setd (left! is shown to be moderate to heavy and of the inner seal is shown to be 
moderate. 
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MtDns mM CNsms cancRiMK HMCHES) 


Figure 54 ThirdStagg Turbine Vane Fhrw Area by Simpum’s Rule - Measured vane flow area is shttwn 
ti- bv 3H2. 9 sq. ill. which is larger them the ttaget area specified in the BiHof-Maierials: how- 
ever. the perfinmmee data corroborated the target flow area 


Rotor Sag 

The No. 4 bearing support was measured to 
evaluate a potential sagging condition as a 
possible cause for the low-pressure turbine 
rotor droop and resulting performance 
deterioration. 

Turbine exhaust case stmts, because of thermal 
differences in the case, may yield and cause 
the No. 4 bearing to sag. This sagging condi- 
tion results in turbine rubbing at the bottom 
of the engine and increased clearances at the 
top. The measurements, however, did not show 


turbine shaft droop to be a short-term engine 
problem. 

Overview of Mechanical Condition 

Typical photographs of the low-pressure tur- 
bine blades, vanes, and inner and outer air 
seal hardware condition are shown in Appen- 
dix G. The airfoils were like new with no 
foreign object damage, erosion, or surface 
roughness problems. 

Summary 

A summary tabulation of the low-pressure tur- 
bine efficiency loss is in Table XIX. 


TABLE XIX 

SUMMARY OF LOW-PRESSURE TURBINE EFFICIENCY LOSSES 


I ow-Prc'Mire 
lurNru 


FXPERIMINTALU5T RESULTS 
ATSFC 

A Iff to A Fir ATSF<1> 


J> I 


I 0 


♦0 lU 


ANALYTU ALTFARDOWN RISI LTS 

lificwiHy Low 

Tip IV a r a ncc A Fff 

0 t»> 0 ' point 0 to 0 r 


ATSFCtM 

0 to *o : 
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SECTION 6.0 


CONCLUSIONS 


Tlic testing and analytical disassembly of 
P-695743 hassigniflcantly improved the under- 
standing of sltort term engine performance 
deterioration. The overall TSFC change was 
measured to be + 1 .5 percent of which +0.2 per- 
cent was due to surface contamination of air- 
foils. and 0.1 percent was due to the un trimmed 
stator vane schedule. The distribution of the 
remaining +1.2 percent perfomiance change 
in TSFC was attributed to losses at the module 
level and was assessed by performance testing 
to be as shown in Table XX. 

TABLE XX 

PERFORMANCE LOSSES BY MODULES 


A%TSFC 

Module Snee New 


Fan 

+0.15 

LPC 

+0.35 

HPC 

+0.12 

HPT 

+0.47 

LPT 

+0.10 

Total 

I.I9 


The analytical teardown of the test engine 
permitted further understanding of the causes 
of deterioration with +0.62 percent TSFC 
change due to blade tip clearance increase 
throughout the engine since new. as indica-ed 
in Table XXI. 

Another major cause of deterioration in this 
engine was the high-pressure turbine leakage 
losses due to twisting in the second-stage vanes. 
This change accounts for +0.40 percent TSFC. 


TABLE XXI 

MODULE TIP CLEARANCE CHANCE 



Average 
Tip Oearance 

AEff. 

ATSFC 

Module 

Chai^ (in.) 



Fan 

+0.015 

-0.15 

+0.12 

LPC 

+0,012 

-0.60 

+0.21 

HPC 

+0.002 

-0.20 

+0.12 

HPT 

+0.014 (LE.) 



(1st Stage) 

+0.009 (T.E.) 

-0.1 

+0.07 

LPT 

+See Sect. 4.6 

-O.I 

+0.10 


Total 


+0.62 


The balance of the measured change, +0.20 per- 
cent TSFC, was due to airfoil surface rough- 
ness changes in the fan and low-pressure 
compressor. Increased surface roughness and 
its contribution to short-term performance 
deterioration was not anticipated, althoi^ its 
role in longer-term deterioration is currently 
being quantified under other tasks of the 
NASA JT9D Engine Diagnosti^^ Program. 

The clearance changes were anticipated 
even though the specific time when they 
occurred would not be directly documented. 
Tile overall level of change in clearance was 
less than expected and may be related to the 
specific mission profile of this aircraft or flighi 
load levels actually experienced being less 
than expected over the cumulative flight ex- 
perience of the engine at time of removal. 


The leakage path shown to exist in the second- 
stage vane was not expected, although other 


55 



engine tests at P&WA liad identified the pro- 
blem in a high time engine. Design studies 
an' currently underway to define a simple 
means to correct this problem. 

In overall summary, valuable information has 
been gained, and the module distribution and 
mechanisms important in sliort-tcrm deteri- 
oration have been identified. Additional 


programs of this type would undoubtedly 
show slight variations in the distribution of 
losses from clearances, roughness, and thermal 
distortior of turbine parts. Of these causes, 
the loss of clearances is judged to be the most 
critical in short-term performance deterioration 
for the JT9D and future engines which will 
rely heavily on tight clearances to obtain 
needed improvement' in energy efficiency. 
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SECTION 7.0 


RECOMMENDATIONS 


Additional testing and analytical teaidowns 
of the type reported herein would obviously 
provide more information from which to draw 
more precise answers as to the role of eadi 
cause and their variability in short-term dete- 
rioration. This approach is expensive and 
is not justified with the state-of-the-art as it 
exists until other aspects of the deterioration 
problem have been diagnosed. However, con- 
tinued monitoring of both engines (P-69S743 
and P-69574S) and inspection of both to the 
extent possible upon initial removal is both 
recommended and planned under the NASA 
JT9D Engine Diagnostics Program. 

Of the discrepancies found, both the increased 
roughness and second-st^e vane distortion 


are sufficiently defined for the moment 
Increased roughness is caused by dirt ingestion 
and no direct method for alleviation of this 
problem currently exists other than periodic 
water washing of the engine. The distortion 
of the second-stage vane is amenable to either 
direct diange out with a stiffer vane assembly 
(JT9D-7J configuration) or to redesign for 
increased stiffness. 

Continuation of the NASA JT9D Engine 
Di^ostics Program including both static and 
dynamic modeling studies of the effect of 
fli^t loads on engine clearances is planned. 
More precise definition of the effect of fli^t 
loads and in particular the efTect of aerody- 
namic loads on engine clearances is recom- 
mended. 
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FACILITIES AND PROCEDURES 
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APPENDIX A 

FACILITIES AND PROCEDURES 


PLUG-IN<X)NSOLE SYSTEM 

The Plug-ln-Console (PIC) system is a port- 
able unit developed by Pratt & Whitney 
Aircraft to permit acquisition of engine 
performance data with the engine on the 
ground but still mounted on the aircraft wing. 

The system is designed to record over 30 para- 
meters, including all of the standard flight deck 
engine parameters plus additional engine para- 
meters for which special certified probes are 
permanently installed in the engine. The specific 
selection of parameters is flexible, but the cur- 
rent list includes the following: 

Static Pressure 
Ambient 

Low-Pressure Compressor Discharge 
High-Pressure Compressor Discharge 
High-Pressure Turbine Inlet 

Total Pressure 

Low-Pressure Compressor Discharge 
Low-Pressure Turbine Discharge 

Total Temperature 
Ambient 

Low-Pressure Compressor Discharge 
Combustor Inlet 

Low-Pressure Turbine Discharge (6 Probes) 
High-Pressure Turbine Dischar^w (6 Probes) 

Other 

Low-Pressure Spool Rotor Speed 
High-Pressure Spool Rotor Speed 
Fuel Flow 

Variable Vane Bellcrank Angle 


In addition to the instrumentation installed in the 
engine, the system consists of three portable units: 
a power module, a signal conditioning module, and 
a recording module. The three units are shown in 
Figure A-1. All three modules are mounted in 
special carrying cases that protect the units during 
transport and permit their use by removal of ac- 
cess covers frc n each case. A typical arrange- 
ment of the units during data acquisition is shown 
in Figure A-2. The signal conditioner module is 
placed on the ground close to the engine being 
tested while the other two modules are used in 
the aircraft. The entire system is powered by the 
aircraft electrical system and requires less than 
500 watts. 

The output from the sys* is . ‘ form of a 
printed tape indicating te. ' t. _;:s in degrees 
Fahrenheit, rotor speeds in rpin, and other para- 
meters in millivolts that are converted separately 
to engineering units. 

PRODUCTION TEST STAND 
Test Facility 

The test facility used to document the level of 
overall engine performance deterioration was 
Test Stand No. 4 at Pratt & Whitney Aircraft’s 
MiddI town, Connecticut JT9D Production 
Test Facility. This test stand was the same as 
that used during the production acceptance 
test of the engine. The test stand was specifi- 
cally designed for testing of high bypass ratio 
gas turbine engines with airflow rates of up to 
3000 pounds/second. Figure A-3 is a sche- 
matic view of the test facility. 
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Figure A-2 



Typkui ArrmtgtHtmt of thig^H Cotaole Syuem Dmmg Data Aeqmtiart 
eatiy mstaUed iPid is pomered by tkeemrrft eleetrical t^rslem. 


The system is 
(7&6348t 
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336 sa FT. 

TOTAL OFEN AREA 



336Sa FT. 
total open area 



SECnONA 


FigmeA-i Pn^iuctioH TeuSund- The production tat sunds an desiffud to pronde/uRy automated 
testing aaddauacqyaitkm of U^bypaa ratio turbofimengHes. 
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The test stand is equipped with a fully Auto- 
mated Production Test Data Acauisition and 
Control ( APTDAO System. This system pro- 
grams the engine test, including the perfor- 
mance of such operations as belting in, igni- 
tion. Meed valve checks, trimming, and limit 
checks. It provides a continuous display of 
performance parameters for the test operator, 
including corrected thrust, rotor speeds, and 
specific fuel consumption. In addition, it 
warns the operator of any unacceptable opera- 
ting parameters. The system records, computes, 
and plots corrected test data, and also prints 
out the corrected data on the engine accep- 
tance documentation. Figure A-4 is a sample 
of a log sheet from the production test stand. 

Engine rruMinting is facilitated by an overhead 
monorail system, as shown in Figure A-S. The 
system provides automatic positioning of the 
engine, minimizing the tirrK required for pre- 
paring the engine for testing. 

Noise suppression was of particular concern in 
the design of the test stand, with the result 
that both the inlet and exhaust systems consist 
of labyrinth baffling constructed of thick rein- 
forced concrete and covered with perforated 
sound-absorbing panels. These features are illus- 
trated in Figures A-6 and \-l. 


The test stand is provided with all required 
utility services. These include electric power at 
1 10 and 440 volts at 60 Hz; electric power at 
28 volts DC and 400 Hz; steam at 25 psig; shop 
air at 100 psig; starter air at 350 psig; water: 
and fuel. 

The controls and instmmentition required to 
operate and monitor the engine ate located in 
an adjacent control room, shown in Figure A-8. 
Continual visual observation of the engine is 
provided by a window in the test stand wall. 


Imanimentatkm and Data Acquiatioa System 

In Test Stand No. 4. the engine was tested with 
the requited probes and other instrumentation 
to measure the performance parameters that 
were monitored on the initial production accep- 
tance tist of the engitre serial number P-695743. 
Table A-l lists the parameters that were 
measured, and Figure A-9 shows schematically 
the location of the engine probes. 

The test stand incorporates an Autorrutic Pro- 
duction Test Data Acquisition and Control 
(APTDAO System which was designed, pro- 
evred. and programmed by the (jovemment 
(deducts Division of the Pratt & Whitney Air- 
craft Group. The system replaces all visual in- 
strument readout devices with computerized 
display and control modules. Measurements 
acquired by the system ate converted to en- 
gineering units, the converted data ate used to 
calculate the required performance parameters, 
and the results ate checked to determine out- 
oNimits conditions. The system provides f or 
manutd control of the engine by the operator 
or automatic control and operation of the 
engine by the computer portion of the system. 

The basic computer is a Control Dau Corpora- 
tion (CDC> Model 1704. 16-bit digital compu- 
ter with a I . I microsecond cycle time. The 
computer also employs a CDC Model 853 disk 
storage drive for additional storage capacity. 

The test stand has peripheral devices (line 
printer, cathode ray tube (CRT) display) for 
interfacing with the system. The computer also 
has a teletypewriter, card and paper tape read- 
ers. and magnetic tape transports for program- 
mer communications with the computer, rapid 
storage of bulk data, and as a back up for oper- 
ating system programs. 
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F/«U7v /t Production Log Sheet ■ This it a typical engine log firom the production test stand printed 

out by the APTDAC system. 
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engine positioning for rapid engine mounting 




Rg»eA-6 Test Met -TlKaietsystmcont^hAymih baffles and aumstictnammt to sup- 

press noise. 



Fifftre A-7 Test Stand Exhaust System ■ The exhaust ^stem is speafically designed to minimize mnse 
emissions. 
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Figure A ~8 frtxluetitm Tm Stmtd No. 4 QmtrJ Mmm - The mntmh md imtmmmtatkm needed to 


operate mid mmitor the t»0m me hKttted in the ctmtrol nmm. 

original 

Roca ^AIIOI 
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TABLE A-I 


• speeds 

( 2) 

PRODUCTION TEST INSTRUMENTATION 

o *vibration 

( 4) 


No. of 

No. of 

• barometric pressure 

( I) 

Parameter 

Probes 

Measuiemaits 

• fuel density 

( I) 

Famb 

- 

1 

• *oil level 

( 1) 

PT2 

8 

8 



Tt2 

8 

8 

* not required for performance measure- 

Fn*Ps2 

8 

8 

ments. 


PT3c 

4 

1 

Electrical signals from these subsystems are fe< 


TT3 

**s3c 

Ps4 

Tt4 

Ps5 

TT6 

PT7 

TT7 

PLA 

Fn 


1 

4 

1 

1 

1 

6 

6 

6 


into the computer which converts them into 
the appropriate engineering units and outputs 
the results to the CRT display or line printer. 
The integrated system of sensors, signal condi- 
tioning equipment, engine control consoles, 
digital computer, printer, and cathode ray 
tubes is designed to perform all operating func- 
tions automatically. The pneumatic and elec- 
tric transducers measure approximately 80 
different engine operating parameters and re- 
lay quantitative data to the computer. 


Vane Angle (fi) 

— 

1 

Nl 

— 

I 

Tti 

— 

1 

N2 

— 

1 

CDLA 

- 

1 

Wf 

— 

2 

Txf 

— 

1 

Pcell fan 

8 

1 

Fcell primary 

4 

1 

Spec. Humi^ty 

- 

1 


The APTDAC system acquires measurements 
from the following ten subsystems: 

• temperatures 

(24) 

• pressures 

(31) 

• thrust 

( 4) 

• position measurements 

( 3) 

• fuel flow 

( 2) 

• *mass oil flow 

( 1) 


The APTDAC system is designed to perform 
real-time data acquisition and display. The 
data system samples all direct current (DC) 
inputs (pressures, temperatures) at a scanning 
rate of 200 channels/second via a low-speed 
multiplexor which has the capability for on- 
line checks of the four millivolt ranges (±10, 
±20, ±S0, and ±5000 mv) compared to stan- 
dard millivolt inputs from the data system. The 
channels are scanned four times and averaged. 
The frequency channels (fuel flow, speeds, 
thrust) are totalized by eight counters for a 
3-second gate time and averaged. The total 
acquisition time Tor one data scan is approxi- 
mately S seconds, and the total computer con- 
version and data reduction time is approxi- 
mately 10 seconds. Figure A-10 shows the 
data flow path of the APTDAC system, and 
Figure A-l I is a functional block diagram of 
the system. The system; 

• Converts inputs of frequency, pressure, 

. and temperature to engineering units. 
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FAN EXIT GUIDE VANE CASE 


FAN EXIT CASE REAR 


DIFFUSER CASE 


INTERMEDIATE CASE 


STATION 2 
PROBES 

TEMPERATURE 8 
PRESSURE 8 


5 6 


'COMBINED TEMPERATURE-PRESSURE PROBES 


ADDITIONAL DATA READINGS - ’^2' '"'f ANGLE. Ty 


Figure A-9 Instrumentation Probe Location - For engine calibration in the pnnJuction test stand, probes 
are loeated as shown. 


s 





TEST STAND 


ENGINE FUEL CONTROL 
ON/OFF CONTROLS 


DISCRETE 

ON/OFF 

EVENTS 


PRESSURE, TE .JIPERATURE 
FLOW. SPEED. THRUST. 
POSITION. VIBRATION 



Figure A-I I APTDAC System Functional Block Diagram - The system provides real-time data acquisition 

and display as well as automatic control and operation of the engine when operator control 
is not required. 
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• Corrects data for standard day condi- 
tions. 

• Computes the performance data needed 
to determine compliance with engine 
specifications. 

• Compares selected parameters with es- 
tablished limits, activates alarms if limits 
are exceeded, indicates the margin if 
limits are not exceeded. 

• Displays the data to the operator on a 
cathode ray tube. 

• Provides printout of acquired data on 
command. 

• Generates a magnetic tape of the data 
and corrected results. 

The calibration procedures and parameter 
measurement accuracies are provided in the 
Instrumentation Plan, PWA-S512-4. 

Test Procedures 

For engine performance deterioration evalua- 
tion in the production test stand, the test- 
engine hardware configuration was the same 
as that during the engine Production Accep- 
tance Test except for the following: 

• Engine strong back serial number (S/N) 
16 was not available, and S/N 1 was sub- 
stituted. The impact on performance 
resulting from this change during this 
type of test was considered to be negli- 
gible. 

• Primary tailpipe nozzle S/N 8 was no 
longer available, and nozzle S/N 1 2 was 


substituted. Nozzle S/N 12 was selected 
for this test based on its measured tail- 
pipe diameter of 3S.S74 inches compared 
to a diameter of 35.575 inches for S/N 8. 
Again, the impact on performance result- 
ing from this required change was consi- 
dered to be negligible. 

With the engine in the above configuration, 
the calibrations in Table A-0 were conducted to 
systematically evaluate overall engine perfor- 
mance deterioration since the engine passed 
its Production A :«^ptance Test. 

During all of these calibrations, the same 
general test procedures required for the Pro- 
duction Acceptance Test were adhered to 
with specific attention to the following 
requirements: 

• Test stand instrumentation calibration 
was performed to ensure that no leak; <;e 
or erroneous hook-up existed. Part of 
typical instrumentation calibration is 
shown in Figure A-12. 

• Data were recorded at five data points 
spaced between take-off and the power 
at which the surge bleeds open. 

• The data were recorded in the descend- 
ing power direction. 

• The engine was stabilized for a minimum 
of 7 minutes before recording the take- 
off data point and fer a minimum of 5 
minutes before recording the subsequent 
data points. 

• Fuel samples were obtained prior to and 
after the tests to deten- ine the specific 
lower heating value of the fuel during 
that specific test. A typical analysis of a 
fuel sample from the production stand is 
included in Appendix D. 
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tabl: All 


PRODUCTION STAND TEST MA^'uX 
Number Test 


1 “As-received”. 

2 After Engine Vane Control (EVC; 
is trimmed as close as possible to 
the same schedule of Beta versus 
N2/\/®t2 with which the engine 
was shipped. 


3 After gas path water wash per 
gas path cleaning procedure in 
JT9D Engine Manual. 

4 After EVC is trim-.ed to vane 
schedule prior water wash. 

5 After gas p ih detergent wash. 


Purpose 

To determine overall engine de- 
terioration levels as received. 

To quantify the effect of any vane 
s'hedule shifts (which may have 
occurred due to deterioration of 
the gas path) on overall engine 
performance levels; to minimize 
temperature and pressure profile 
shit u v.'h:ch can occur with vane 
schedule shifts. 

To quantify the amounts of overall 
engine performance improvements 
that could be expected from a 
plain water wash. 

To eliminate any vane schedule 
change effects. 

To quantify the additicn.~l amounts 
of overall engine performance im- 
provements that coula be obtained 
from a detergent • 'ash compared to 
improvements with a water wash and 
to document the overall performance 
deterioration since new. 
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Figure A'12 Typical Initrumentatlon Calibration Resuitt • The thruat ay stem calibration ahowe that the 
syatem la operating within apeciflcation llmitt 



EXPERIMENTAL TEST STAND 
Test FactUly 

Tlie tost facility used to document specific 
module component performance deteriora* 
tion was test stand X-8 at Pratt & Whitney 
Aircraft’s East Hartford Enpineeiinj: Facilities. 
Test stand X-8. shown schematically in Figure 
A- 1 3, is a gas turbine engine test facility de- 
signed to test large, high bypass ratio turbofan 
and turbojet development engines at static sea 
level conditions. "Pic test stand ejector is de- 
signed to hanJ'i 1 total air flow of 3600 
pounds'second at 400*’F. and a primary inlet 
lengine and fan) air flow of 2000 pounds 
second. Air flows are based on normally ac- 
ceptable pressure drops; higher air flows can 
be achieved if tire corresponding increase in 
pressure loss is acceptable for the particular 
application. 

The stand is constructed of reinforced con- 
crete. The air inlet and test cell compartment 
have a square cross-section. Atmospheric air 
is admitted at one end of the test cell through 
a horizonta! full area inlet and exhausted up- 
ward at the opposite end. Noise reduction is 
accomplished at the inlet by means of 42- 
percent sound stream insulation airJ in the 
exhaust by passing the air through thirty-nine 
inch I D. 20-ft length vertical perforated cor 
ten steel tubes covered with 14 mesh monel 
glass cloth. The area between the tubes is 
packed with fiberglass to absorb the sound 
energ} . Secondary air for engine co«>i*ng is 
admitted to the cell through a 330 sq. ft. roof 
opening, the inlet section of which is com- 
posed of 5I..S percent oi-en area splitters for 
s<vund attenuation. 

The test engine is mounted from a flexure 
supported overhead timist measurement plat- 
torni sliown schematically in Figure .A- 1 4. 
Thrust IS neasured by a strain-gage load cell 
located on the platform centerline. Provisio.is 


are also incorporated in the system for a cali- 
bration load cell train located concentrically 
with the primary load cell. 

The engine is connected to the thrus* platfomi 
through a flexible engine mount ada; ter which 
is attached to. and transported with, tue engine 
to the test stand. Instrumentation can be in- 
stalled on the engine piior to delivery to the 
test stand and connected lO panels provided 
for this purpose on the flexible mounting 
structure. After the engine is mounted :n the 
stand, jumpers are installed from these panels 
to matching number panels permanently in- 
'^talled in the stand. Quick disconnect hook- 
ups are designed for each instrument to per- 
mit rapid installation. These provisions are 
shown in Figure A- 1 5. The stand panels are per- 
manently connected to the appropriate read- 
out equipment or data transmitting devices 
located in the Control Room. Automatic 
Data S\ stem Room, or a panel outside the 
stand which may be connected to special In- 
strumentation Vans. Duruig ojvration. engine 
exhaust -ases arc directed into a cy lindrical 
duct. There they are mixed with cooling air 
aspirated into the test cell by the ejector ac- 
tion of the engine exiiausi -.tream as it enters 
the duct. There they are mixed with cooliug 
air a.spirated into the test cell by the ejector 
action of the t ngine exhaust stream as it en- 
ters the duct. Length ot the cylindrical duct 
section is adjustable over a range of 8 ft. ‘) 
in. so that it may be positioned in the opti- 
mum location relative to the engine nozzles. 
After mixing, the gases aa- ducted into an ex- 
haust plenum into which they are diffused 
througli perfomiations in the aft portion of 
the duct. In aduitio.i. this system is provided 
with an ejector spoiling device to miHiulate 
the pumping action, and remote controlled 
secondary air inlet dampers Tliese devices 
allow netting of the cell pressure (PT2i to cell 
tailpipe pressure (Pceil-TPl. From the plenum 
the gases flow to the exterior of the building, 
passing through tile c'huast silencer Primary 


76 







if /»*««> twmumtf tirnm /mm- 










Fir^rf .I--/5 h NfftK P >r fo f ■ Ar m, wmm $fruv!un> mJ quu a Jm<mma p>amk fHr- 

nfir mt imfaMaU, in the test mn.l 


m enlerint: ;» ihc from <if ihe tint cell fs pre- 
veri’ed fami pjcsms aroufiJ ific enaiiic h\ a 
ctcd hiilklu-at!. This hulj^hcaJ blocks the full 
crc»>-scclioii of ihe cd! at the pljiu- of the 
enpine uik-l. 

St*r%ices j%;uiaWe to fins stand indiidc ! 10 
psig diop air pnmarih tor mstrumcnialion. 
s-oiitro|s. cooling, and engine starting. I 10 
and440Hsll Milk A.(',.4(XHI/ ,V,r,.and 
24 vi»lt D.r eleeineal {'Hivver supplies; I 25 
psig imkistnai water, lest cell water fog fire 


s\sie*}n; 25 psig and 140 psig steam: higit pres- 
sure 1 "50 psi.ei demmerali/ed water, fuel sup- 
plies; and a lisdraislic svsiem to operate the 
test cell wttrk platforros. 


I lie controls and mslmmentatir.n necesvirv' 
to operate the test engine and monitor selci - 
ted rs'rltirmance pantmeters are located in an 
atltjcem control r<H»m. shown in I igure A-l6. 
( ontiiuiai sisual obssTsalion of the cneme is 
jsosMhlv through a window in the test stand 
Wall, 



figure A-16 .V-^ u SrmJ Ctmm 4 Rmm ■ The ctmm>is anJ imtmmentatim needed to operate and 

mmiior the tnpm are ioemed in the amtr. •! n*tm. 


Instrumentation and Data Acquisition System 

fn expcriirtcntal test stand X-H. the engine \\a' 
tested with expantled instnimcnlation to 
measure spe«.itie module component perfor- 
mance detenoraf ion levels. ’ iNc A-U! lists th. 
parameters that were measured, and Figure 
A-1 “ shows the hvation of the instrumentation 
probes in the engine. 

Tlte test stand (X-8> has direct access to the 
Pratt & Whitney Aircraft Steady Slate Data 
System (SSDS) which is controlletl by an on- 
line Hones well Mtxlel DDP-.s 1 6 computer 
system. The following paragraplis present a 
deseriplion of the SSDS. its capacity, and 
modes of o|HTation as the system is utifi/ed 
on the test stand. Figure A- 18 is a block dia- 
gram of the data system indicating the vanoiis 
interfaces of the system. 


Tlie Steady State Data S>-stem consists of a 
pressure measuring subsystem, an electrical 
»aibsystem. data printers, control consoles, and 
a central computer. The system is capable of 
handling 480 pressure signals. .^50 temperature 
signals, 10 position signals, and lo frequency 
signals 

Die subsystem receives, conditions, sequences, 
digiti/es. and transmits pressun.’, temperature. 
«nd fretpiency data to the computer Pneuma- 
tic P";*nMluccrs measure the engine operating 
pressures and relays the quantitative data to 
the pressure subsystem. Tlie I'niform Temper- 
atua’ Reference System measures the engine 
operating temperatures (in millivolts i and ix- 
la\s the signals to the electrical subsystem. 

Die frequency counter records the frequen- 
cies for five *. 0-second intervals during the 
data acquisition 
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TABLE A-Ill 


EXPERIMENTAL TEST 
INSTRUMENTATION 

No. of 

r Probes Me 


Pamb 

PT2 

*^2-Ps2 

Tt2 

PT2.4 

TT2.4 

PT2.6 

TT2.6 

PT3 

Ps3 

TT3 

PT4 


Fn 

Vane Angle (0) 

Nl 

N2 

Wf 

iTf 

tti 

COLA 

Pcell fan 
Pccll primary 
Spec. Humidity 
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STATION 2 
PROBES 

TEMPERATURE 24 
PRESSURE 8 


2.4 2.6 3 

8* 4” 5** 

8* 4t 8t 


4 


5 6 ^ 


6 

5 



6 * 

6 * 


•COMBINED TEMPERATURE-PRESSURE PROBES 
• -4 ARE COMBINED TEMPERATURE PROBES 
t 4 ARE COMBINED PRESSURE PROBES 

additional data readings - N^.Nj.W,. T^. Tj vane ANGLE. 


Figure A-17 Instrumentation Probe Ijocation - For engine ralibration in the experimental test stand. 


probes are located as shown. 

The on-line computer; 

• Receives acquisition signal from test 
stand control panel and triggers appro- 
priate equipment for data acquisition. 

• Receives the digitized pressure. tempe»-;' 
lure. and frequency inputs from the sub- 
system. 


• Applies system corrections lo these 
inputs. 

• Applies instrumentation corrections such 
as wire ualibralion corrections for Tfs 
and 1 J2.4 probe recovers corrections 
fo^ I i'2.4 

• Converts inputs to engineering units. 

^ Performs limited performance calcula- 
tions. 
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FigfMn A-18 Block Diagram of the Steady State Data System - Interfiles of the various subsystems and 


the on-line computer are defined. 

• Generates magnetic tape and/or card 
output of engineering units for further 
data reduction by an off-line computer. 

• Generates “Quick-Look” printout at 
central. 

• Triggers con. .f stand printer and 
sends output oi data acquisition to test 
stand for “Quick-Look” printout. 

Detailed calibration procedures and parameter 
measurement accuracies are provided in the 
Instrumentation Plan, PWA-SS12-4. 

Test Procedure 

Prior to the test program in Experimental 
Engineering test stand X-8, the engine was 
modified with nonproduction Bili-of-Materials 
c..:-' to allow the installation of additional 
performance measurement instrumentation 
probes. The rases changed for this test were 
thv fan exit guide vane case, the fan ex:t case 
rear, the intermediate case, and the diffuser 


case (see Figure A-17). 

Special test hardware, such as the fan and pri- 
mary exit nozzles, was installed for this test. 
The fan nozzle area was sized at 2 1 .3 square 
feet to simulate a Bill-of-Materials average 
fan nozzle area of 20.04 square feet. The pri- 
mary nozzle area was sized at 6.92 square 
feet relative to a Bill-fo-Materials primary 
nozzle area of 6.6 square feet (see Figure A-19). 
These nozzle sizes were calculated and sized 
to compensate for the pressure losses through 
out the engine resulting from the extensive in- 
strumentation probes creating blockage in the 
engine flow passages. 

The engine was mounted in X-8 test stand 
where all of the engine instrumentation was 
connected to the stand system by quick dis- 
connect fittings for monitoring by the Steady 
State Data System. The instrumentation sys- 
tem was pressure checked and verified to en- 
sure data validity during test. 
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thsnng this calibration, particular attention 

was devoted to the lollowtna steps; 

• k thrust meter zero calibration was made 
before the test, and an “as-is” thrust 
meter calibration was made after the 
test. Figure A- 20 is a typical thrust meter 
calibration. 

• Tie two Pratt & Whitney Aircraft Cox 
Meters were calibrated before the test. 

A typical Cox Meter calibration is shown 
in Figure A-21. 

• A fuel sample was taken and forwarded 

to the Materials Engineering Research 
Laboratory IMERL) before and after 
the calibration for lower heating value 
and specific gravity analyses. A typical 
analysis of a fuel sample from the exper- 
imental test stand is shown in Appendix D. 


• Tile JT9D-7AISP) engine operating limits 
were observed while conducting the test. 
Figure A-22 illustrates typical JT9D oper- 
ating limits. 

• The humidity limits of Figure A-23 were 
observed for this test. 

• The stator vanes were trimmed to within 

limits of the 24 1 -vane schedule prior to 
test. 

• The engine was stabilized for 7 minutes 

at each point in the calibration. 


One ten-point steady state performance cali- 
bration was conducted at the thrust levels 
shown in Table A-IV to document the deterio- 
rated levels of the individual module/compo- 
nent performance. 


pAm is 

Qi £0O» QV % * I’I’Y 
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2.4 MAX. SAFE OPERATING SPEEDS: 3750 N1 and 8000 N2 rpm obs. must 
not be exceeded without Engfineering approval. 

2.5 VIBRATION: The maximum allowable vibration levels (single amplitude) 
at all thrust levels are: 

L'.tcrmodiate Case .0015 inches 

Diffuser Case .002 inches 

Turbine Case .002 inches 

2.6 SMOKE: The smoke values at the required thrust levels shall not exceed 
the following: 

Von Brand Index 20 

2.7 SEAL LEAKAGE LIMITS: During acceptance test, seal leakages shall be 
collected in individual containers, and leakages shall not exceed the follow- 
ing limits: 

Fuel Pump 30 ccAr 

EVC and 3.0 Bleed Actuator 

Converter Valve and Surge Detector 15 ccAr total • 

Hydraulic Pump Drive 10 ccAr i 

Fuel/Oil Cooler No measurable leakage 

2.8 WATER SYSTEM: (Applies to Engines Designated Wet) 

Inlet water pressure (Pw) to the control port of the water regulator shall 
be between 519 and 7C5 psig, and the water flow range (Ww) shall be 
26,000 to 30,000 Ibs/hr. W'atcr supplied to the water injection control 
must be demineralized and the total dissolved and undissolved solids con- 
tent must not be greater than 10 parts per million total solids. Particle 
size of undissolvcd solids shall be no greater than will pass through a 
40 micron filter. 


Figure A -22 Typical Test Engine Operating Limits - JT9D- 7 A (SP/ operating limits were strictly observed 

throughout the engine test. 
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Figure A-23 Specific Humidity Limitation for Experimental Engine Calibration - The humidity limitati m 
was obsen ed for the engine test. 


TABLE A-IV 

EXPERIMENTAL STAND 
TEST MATRIX 


Poir Number 

1 

■> 

3 

4 

5 

6 

7 

8 
9 

10 


Thrust (pouitds) 

46.000 
44,00'J 

42.000 

40.000 

38.000 

36.000 

34.000 

32.000 
44.000* 
38.000* 


*Tliese points wore ronin ;is u repeatability 
check. 


TEARDOWN PROCEDURE 

Fcliowing the performance calibration test in 
X-8 test stand, an analytical teardown and in- 
spection of the engine was conducted at Pratt 
& Whitney Aircraft's Southington Service 
Center. The intent of this effort was to in- 
spect. measure, and analyze various hardware 
in the engine and to assess tlie contribution of 
the hardware condition ‘ ,e -bort t-'i i per- 
formance deterioration . ,ne engiric. 


Specific detailed instructions were given t<5 
the Inspection Department at the Service 
Center to take certain measurements in a pai- 
ticular sequence sc^ that none of the measure- 
ments " ould be altered or d -stroyed prior to 
going on to the next step. After a few of the 
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deUiled measurements and observations had 
been made, it became apparent that measur- 
ing all of the parts as originally intended would 
become redundant and that little additional 
information would be obtained: for example, 
fan Made length, full high-pr sure compres- 
sor deUading. etc. Instnictio ' were modi- 
fied, as the teardown proceec. J, generally as 
a result of the good condi**'m of the parts 
in the engiiK. All. or a sampli-ig. of the hard- 
ware that had an influence o:, » tgjne per- 
formance deterioration war nspected and 
measured. Appendix B p. 'Ris a detailed 
description of the teaidowit ^nocedure. 

DATA REDUCTION AND ANALYSIS 
PROCEDURE 

Once the data has been obtained from actual 
engine testing, the data are ready for further 
reduction and processing for detailed analy- 
ses. Both the APTDAC and SSDS systems pro- 
vide a magnetic tape and/or card record of 
the card and field arrays along with a printout 
of the engine calibration data. Sample print- 
outs from the APTDAC and SSDS systems 
are shown in Figures A-24 and A-.;S. respec- 
tively. The magnetic tape and/or cards are then 
loaded into the IBM 370 computer (see Fig- 
ure A-2 g) where the data is then edited and 
profiled to reject erroneocs readings and >nputs 
new values for erroneous readings. In the pro- 
duction test stand (APTDAC). little or no 
editing or profiling is required, primarily be- 
cause of the limited instrumentation. Once 
the data is in the IBM 370 computer, any 
changes or corrections to the data can be done 
from a remote terminal or by key punching 
new cards. Corrections that are typically 
applied are: 

• Corrections for inlet condensation 
effects, 

• Corrections to lower heating value, of 
18.400 BTU/pound. as determined from 
the fuel sample, and 


• Final fuel specific gravity as determined 
from the fud sample. 

Once these corrections have been applied to 
cither the production or the experimental test 
stand data, the off-line computer data reduc- 
tion is initiated. This procedure generates a 
complete set of final results corrected to 
standard day conditions. These final results 
are printed on cards and on magnetic tapes 
which are then used for automatic plotting 
of gas generator curves, a sample of which is 
illustrated by Figure A-27. Once the off-line 
computer dau reduction is complete, a per- 
manent file of .aw data, final data, and cor- 
re^ed results have been generated for future 
reference. 

The experimental, detailed gas generator 
curves are passed on to the Compressor and 
Turbine POwemlant Analysis Groups where 
comparisons of the various component ef- 
ficiencies (fan. low-pressure compressor, high- 
pressure compressor, high-pressure turbine, 
and low-pressure turbine) are made. These 
efficiencies were then compared to new en- 
9 ne levels which were derived as discussed 
in the following paragraphs. 

Fan base-line efficiency wa'- obtained from 
production engine P-68608^ which ran in the 
Willgoos Laboratory. X-217 stand, with a 
production JT9D-7A(SPi fan. Data from three 
fan operating lines were used to predict fan 
performance at sea level take-off (SLTO) con- 
ditions. Although the data were taken at Will- 
goos Laboratory simulated altitude conditions 
(32.SOO feet at Mach 0.8). experience has 
shown that Reynolds number effects are 
negligible for the JT9D fan. 

The low-pressure compressor base-line effi- 
ciency was based on six production engine 
acceptance calibrations run in Middletown. 
These data were adjusted from standard pro- 
duction acceptance Pj 3 and Tj 3 instrumen- 
tation to experimental instrumentation levels. 
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An efficieiicy mcfcment was added to the pio- 
ductioa k>w-pmsuie oompiessor data to 
account for the difTemice in first-staee stator 
configurations. The six production engines 
which estaUisfa the base line were built arith 
a trunnkm-niounted fint-strce stator which is 
safety-wired at assembly to prevent movemenL 
F^9S743 incotporatcd a fixed first-stage 
stator which does not require safety whe. 
This configuration change results in a smaH 
p erfor m ance increment which has been 
asKsscd based on data taken on experimental 
engine X-618-12 and production engine 
P^86089. 

The high-pressure compressor base-line effi- 
ciency was obtained from six production er 


gine acceptance calibrations run in Middle- 
town. The data at stations 3.0 and 4.0 were 
adjusted to ex p er im ental engine instrumenta- 
tion leve l s, and the efficiency was computed. 

The highfressute turbine base-line efndenev 
level is based on the accumulation of experi- 
ence on 30 builds of a JT9D uncookd turbine 

ri*- 


The low-pressure turbine base-line efficiency 
level is based on the results of two JT9D-7 
low-pressure turbine rigs run in 1974. This 
test rig was run with rubberized seal lands to 
achieve zero clearance. 
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Figure A-23 Sample Computer Printout /fom the SSDS Syitem • The tyitem aho provides a magnetic 
tape andlor card record for loading into the IBM 3 70 computer for fitrther data reduction. 



FigmeA-26 


Figure A-27 



iBM 3 70 Comfuter ¥iitk P er ip h utM Equipmem - After the data are m the computer, chatiga 
or correctiom to the data can be (kmeftam a remote terminal or by key pmduHg new cards. 



Typical Computer-Prmtout of Gas Generator Curve - All data, including the gas generator 
rufT«3. are stored in the computer for future reference. 
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APPENDIX B 

TEAROOWN PROCEDURES 


PLANNED TEARDOWN AND INSPECTION 

The Work Plan for the JT9D Engine Diagnostics 
Program (PWA-5504)established the measure- 
ments and inspections which were to be per- 
formed during the analytical teardown of 
P-69S743. This work included that performed 
during normal engine disassembly as shown 
on Table B-l as well as additional measurements 
to be taken speciflcally during analytical 
teardowns shown on Table B-ll. 

These plans were modified during the dis- 
assembly process to eliminate measurement or 
inspection tasks which were unnecessary based 
on the observed condition of parts during 
teardown. The actual teardown procedures 
employed are discussed below. 

ACCOMPLISHED TEARDOWN AND 
INSPECTION 

The contractor shall perform or make provi- 
sions with participating airlines to perform, en- 
gine disassembly for normal repair or refur- 
bishment required by standard overhaul and 
maintenance practices. During this disassem- 
bly procedure, the contractor shall inspect, 
obtain pertinent measurements (where acces- 
sible) and document deterioiated condition of 
accessible components/parts. The documenta- 
tion of used parts conditions shall consist of 
the following measurements or photographs; 

General 

I . All measurements, observations and docu- 
mented data shall be consistent with and 
limited to the extent of en^ne disassem- 
bly necessary to perform the normal re- 
pair and refurbishment tasks required by 
the engine condition as determined by 
the participating airline. 


2. Where accessible, the part numbers and 
quantities of all gas path hardware and 
the supporting structure for the gas path 
hardware shall be recorded. 

3. When measuring tip clearances take mea- 
surements every 45®. starting at TDC, 
and record which direction looking from. 

4. Where accessible, photographs of the ma- 
jor gas path assemblies and typical dis- 
tress to the subassemblies of the gas path 
components shall be recorded. As a mini- 
mum the photographs shall include; 

a. The gas path iiuier and outer air 
seals and airfoil surfaces. 

b. Individual rotor and stator vane as- 
semblies. 

c. The combustion chamber inner and 
outer burner liners, and 

d. Representative distress to individual 
gas path components. 

5. Where accessible and consistent with the 
extent of disassembly.* each of the fits 
and clearances shall be recorded. 

Fan Section 

I. Blade tip clearance determined by; 

a. Measuring tip clearance as assembled 
using Engine Manual procedures per 
Heavy Maintenance Manual, Section 
72-31-00, lnspection/Check-02. In- 
spection 2008 (by shim stock with 
loading fixture). 

b. Calculate tip clearance by; 

( 1 ) Measuring blade length, all 
blades from Z plane* 

(2) Measuring depth of rub. 1 2 
places with vernier* 

*lnstructions modified or altered as required 
depending on the observed condition of parts. 
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TABLE B-1 

TYPES OF DATA TO BE ACQUIRED 
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Till link- \VV:ir iii I 'niNon Kings and Vane Arms on Kadi Soiil Land Surface iwrmil ucr'.iiisilion of ins;H'clion data 

l*<n Wear in Vane Anns Niimhcr 3 Bearing Coniparlniviit Sealing System fur the proposed prugrani 

Busli ne Wear 

Seal (■•.nitael Beiwecn Vane and Inner Shroud 



TABLE B-11 

TYPES OF ADDITIONAL DATA TO BE ACQUIRED 
DURING ANALYTICAL TEARDOWNS 

FAN Inner Shroud Axial Deflections 

Cross Shroud Dimension, Each Blade Stages 5 through 7 

Blade Airfoil Surface Condition Cold Flow Leakage at Blade Roots 

Photr^raph 2 Blades Stages 5 through 1 5 


LOW-PRESSURE COMPRESSOR 

Blades and Vanes (3 Stages): 

Surface Finish for 2 Airfoils in Each 
Stage 

Indexing of Fourth- Stage Stator Vanes 
Relative to Downstream Intermediate 
Case Struts 

HIGH-PRESSURE COMPRESSOR 

Surface Finish for 2 Airfoils in Each 
Stage 

Erosion of Vanes and Blades 
in All Stages 

Variable Vane System Including: 

Max. and Min. Tangent Angles 
(Vane Load Reversed) of 
Each Vane 
Pin Diameters 

Unison Ring Pin Hole Diameters 
Vane Arm Pin Hole Diameters 
Inner Trunion Diameters 
Unison Ring Runner-to-Case 
Clearance 


Fan Blade 

a. Document shroud condition by visu- 
al inspection for shingling, wear, ero- 
sion and area of contact of adjacent 
blades on shroud face. Reference 
Engine Manual. Section 72-31-05. 
Visual Inspection. Page 310, 312, 
317. Photograph or sketch worst 


HIGH-PRESSURE TURBINE 
First and Second Stages: 

Throat (Exit) Area of Stator 
Vane Assemblies at Each Radial 
Design Station 

Throat (Exit) Area of As-Removed 
Rotor Assemblies at each Radial 
Design Station 

Shadowgraph 57c of Vanes and 
Blades at 3 Radial Design Stations 
Flow Test of First-Stage Rotor Assembly 
Flow Test of Root Attachment Regions 
of Second-Stage Rotor 

LOW-PRESSURE TURBINE 
Third, Fourth, Fifth, and Sixth Stages: 

Throat (Exit) Areas of As-Installed Vane 
Assemblies at Each Radial Design Station 
Shadowgraph 5% of Vanes and 
at 3 Radial Design Stations 
Shadowgraph and Tangent Angle of Each 
Exhaust Case Strut at Each Radial 
Design Station 


case condition and typical shroud. 

b. Inspect for and (document condition) 
of seals on platform, quantity miss- 
ing, loose, tom. See Section 72-31-05. 
lnspection-00. Photograph worst 
case conditon. 

c. Inspect for and (document) number 
of blends per blade, radial location 
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from platform, width and depth. 
Sketcli or tabulate results. Photo- 
graph worst case condition. 

d. Visually inspect and document con- 
dition of leading ed^ of blades for 
erosion, roughness and thickness, and 

e. Visually inspect and document air- 
foil roughness and contamination. 

f. Measure and record inner and outer 
cross shroud dimensions of one 
blade. Reference P/N 778601. 

g. Document surface condition of 
leading edge of blades such as ero- 
sion, roughness and thickness. Pho- 
tograph two typical blades. 

h. Perform special measurements per 
Attachment B-l. 

3. Fan Exit Guide Vane 

a. Document quantity of blends and 
average depth of blends. 

b. Document surface roughness and 
leading edge shape of one bottom 
fan exit guide vane.* 

Low Pressure Compressor 

1 . First Stator 

a. Measure and document tangent an- 
gle (N) of all vanes of a trunnion 
stator. See Overhaul Manual, Section 
72-32-06, Subassembly-00, Figure 
502. Omit for fixed stator. 

b. Measure and document A and H 
angles of 50 percent vanes in two 
sections, per Attachment B-2 
(omit for fixed stator). 

c. Document results of overall visual 
inspection. 


* Instructions modified or altered as required 
depending on the observed condition of parts. 


2. Blade Tip Clearance 

a. Measuring tip clearance as assembled 
using Engine Manual procedure. 
Heavy Maintenance Manual, Section 
72-32-00, Inspection /Check-02, In- 
dex 36, 37, 43. Measure second and 
fourth stage assembled, third stage 
during disassembly - with shim 
stock. 

b. Calculating tip clearance by mea- 
suring: 

( I ) Depth of rub in outer air seals, 
eight places each stage, at 
deepest part of rub indication. 

3. Blades and Vanes (Three Stages) — Full 

deblade not required. Deblade selected 

area as requested by Engineering.* 

a. (Document) number of and average 
depth of FOD/BMOD or blends, on 
each stage, per visual inspection. 
Heavy Maintenance Manual, Section 
72-32-05, lnspection/Check-00. 
Photograph typical and worst case 
damage and blends. 

b. By visual inspection (document) 
condition of seals and root sealant. 

c. Visually inspect and (document) 
condition of leading edges of all 
blades for roughness, erosion and 
thickness.* 

d. Visually inspect and (document) air- 
foil surface contamination and 
roughness. 

e. Perform special measurements per 

' Attachment B-l. 

4. Inner and Outer Air Seals 

a. Calculate inner air seal clearances by 
measuring, recording: 

( 1 ) Diameter of knife-edges, by 
tape or vernier. 
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(2) Diameter of seal lands, by tape. 

(3) Depth of groove in seal lands, 
eight places each land. 

b. Visually inspect and (document) 
condition of outer air seals. Photo- 
graph damaged areas, wear patterns. 

S. Visually inspect and document condition 
of 3.0 bleed seal. 

High Pressure Compressor ( 1 1 Stages) 

1. Blade tip clearances determined by: 

a. Measuring tip clearance as assembled 
using Engine Manual procedures. 
Gieck clearance eight places each 
stage with shims. 

b. Calculating tip clearance by mea- 
suring: 

( 1 ) Blade length, on blades desig- 
nated by Engineering inspec- 
tion.* 

(2) Depth of rub in outer air seal, 
eight places. 

(3) Visually inspect and (docu- 
ment) condition of outer air 
seals. Photograph worst case 
and typical wear condition. 

2. Blades and Vanes ( 1 1 Stages) - Full de- 
blade not required. Deblade selected 
areas as requested by Engineering. 

a. (Document) number of and average 
depth of FOD in each stage, blades 
and vanes. Photograph typical dam- 
age and worst case. 

b. Document condition of blade root 
and case flange sealant each stage. 

c. Visually inspect and (document) 
condition of leading edge of airfoils 
for erosion, roughness and thickness. 


Measure thickness of airfoil sample 
from each stage.* 

d. Measure and document erosion per 
Engine Manual.* 

e. Evaluate torque on stator case and 
flange bolts. (Loose, finger tight, 
tight) 

f. During initial disassembly, document 
bolt torque in tightening direction 
of every fourth bolt at J. K, M. N 
flanges. If bolts are found loose, then 
do each bolt. 

g. Perform special measurements per 
Attachment B-1. 

3. Inner Air Seal Clearances 

a. Calculate inner air seal clearances 
by measuring: 

( 1 ) Diameters of knife-edges, by 
vernier. 

(2) Diameters of seal lands by tape 
in unrubbed portion of seal 
lands. 

(3) Depth of groove in seal land, 
eight places. 

4. Variable vane system (inlet guide vanes 

through seventh stage). 

a. Measure vane arm angles per 
Attachment B-3. 

b. Install rigging pins in inlet guide 
vane through seventh stage and 
measure tangent angle of ten selected 
vanes (each stage). See Attachment 
B-4.* 

c. Pinhole wear in unision rings and 
vane arms. Inspect by eye and mea- 
sure anything obviously out of 
limits.* 


*lnstructions modified or altered as required 
depending on the observed condition of parts. 
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d. Bushing wear - visual inspection by 
Engineering. Sample measure selec- 
ted bushings.* 

e. Vane to inner shroud set contact. 
Inspect visually for evidence of con- 
tact. 

f. Measure and document inner shroud 
axial deflection on stages five and 
seven per the Engine Manual. 

g. Measure and document unison ring 
runner to case clearance. Prior to 
disassembly, unloaded per manual 
procedure. 

h. Measure and document unison ring 
runner thickness and clearance per 
Attachment B-5.* 

Bumer/Diffuser Module 

1 . Inner and Outer Burner Liners* 

a. Visually inspect and (record) the 
degree of burning, buckling, distor- 
tion and cracking of the liner seg- 
ments. 

b. (Document) false head burning, 
cracking, gap dimension. 

c. Measure and record cone alignment, 
T&G fit, rear fit. Tape outer liner 
diameter forward of the first louver 

( 1 Vi inch down stream from Plane A).* 

2. First Stage Turbine Vane and Supporting 

Structure 

a. Airflow check each of 66 first vanes 
in the as-removed condition. 

b. Qass check each of 66 first vanes 
in the as-removed condition, by 
gage. 

c. Visually inspect and (record) for 
each vane the extent of burning, 
distortion and cracking. 


d. Inspect the first vane inner support 
for rearward deflection. Measure 
and record the gap between the 
rear inner support feet where the 
first vanes fit in. Measure at eight 
circumferential locations. See At- 
tachment B-6. 

e. Measure outer burner case snap fit 
at M flange. 

3. TOBI Duct and Inner Burner Case * 

a. Airflow ch^ck TOBI duct in as- 
removed condition. 

b. Inspect and (document) degree of 
TOBI duct nozzle erosion and TOBI 
duct tongue-in-groove seal wear. 
Measure TOBI tongue and groove 
dimension. 

4. Accessories and Components 

a. Perform as-removed flow and spray 
angle check of fuel nozzle and sup- 
port assemblies. 

b. Inspect the thrust frame and com- 
ponents per Overhaul Manual. 

High Pressure Turbine Module 

1 . Determine the throat (exit) area of the as- 
installed first and second vane assemblies 
and of the as-removed first and second 
turbine rotor assemblies. Measurements 
to be made at each vane or blade Engi- 
neering Materials Drawing section and the 
area calculated by Simpson's rule. 

2. Perform a flow test of the second stage 
rotor assembly root attachment area. 

Send bladed rotor to Middletown. Build- 
ing 340. Department 495 1 , care of Carl 
Currie. 

3. Visually inspect and (record) for each 
vane and blade the degree of burning, dis- 
tortion. cracking, erosion and/or sulfida- 


*lnstructions modified or altered as required 
depending on the observed condition of parts. 
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tion. Photograph worst case condition 
and typical condition. 

4. Airflow check in the as-removed condi- 
tion each of 1 16 first stage baffle and 
blade sets. 90 second vanes and 138 se- 
cond blades. Cross index airflow data to 
blade S/N, and for vanes, position in the 
engine. 

5. Gass check in the as-removed condition 
each of 90 second vanes by gage. 

6. Inspect and (document) the rub location 
and axial length and depth for each seal 
land surface. Inspection to include the 
No. 3 bearing compartment sealing sys- 
tem (all No. 3 compartment seals). 

a. Measure and record all knife-edge 
to seal land clearances. 

7. Inspect and document the degree of se- 
cond blade root sealant wear. Note con- 
ditions of chipping, loose material, bur- 
nishing. 

8. Inspect ten percent sample second stage 
blades for twist per Engine Manual.* 

9. Measure diameter of first rotor leadmg 
edge, midchord, and trailing edge by tape. 

1 0. Measure diameter of first outer air seal 
segments, front and rear, in nonrubbed 
area (by tape). 

1 1 . Measure second rotor knife-edge diameter 
by tape. 

1 2. Measure second outer air seal diameter in 
ungrooved area. 


13 Measure second inner support deflection 
per Engine Manual Index 1 578. 

14. Measure M flange diameter in eight places 
by vernier. 

1 5. Measure and record second vane axial spac- 
ing per Attachment B-7 ( 1 5 random 
vanes), and second inner support 

mating surfaces. 

Low Pressure Turbine Module 

1 . Determine the throat (exit) area of the 
as-installed third vane assemblies. Mea- 
surements to be made at each vane or 
blade Engineering Materials Drawing 
section and the area calculated by Simp- 
son’s rule. 

2. Visually inspect and record for each vane 
and blade the degree of burning, bow, 
cracking and/or suifidatior. 

3. Inspect and document the rub location 
and axial length and depth for each seal 
land surface, eight places each. 

4. Visually inspect and (document) FOD 
damage to the turbine exhaust case struts. 

5. Inspect the tail pipe throat area (QEC 
primary nozzle area). 

6. Tape knife-edge diameters of all rotor 
and seals and all seal lands Measure seal 
lands on unrubbed surface. 

7. Measure and document runouts On No. 4 
bearing housing by inspecting concen- 
tricity of “P” flange snap on TEC with 
respect to inner diaphragm flange snap. 


*Instructions modified or altered as required 
depending on the observed condition of parts. 



ATTACHMENT B-1 


INSPLCTION 

Re: Special Measurements on Engine P-695743 
FAN BLADES 


Serial No. 12 and 19 • Length measuring gage (special gage) per Overhaul Manual + Dimension 
No. 6 per special check. 

Serial No. 12 - Surface roughness checks at 18 places marked on blade. 

LOW-PRESSURE COMPRESSOR 


Third Stage Blades - one piece selected by Engineering: 

Blade length per Overhaul Manual 

Surface roughness checks, 18 places *(0.I0 -0.20 inch from platform at midspan: 0.10 - 
0.20 inch from tip at leading edge, trailing edge, and midchord on both concave and con- 
vex surfaces). 


HIGH-PRESSURE COMPRESSOR 


Fifth-stage blade 
Ninth-stage blade 
I2th-stage blade 
I3th-stage blade 
14th-stage blade 
ISth-stage blade 


one piece 
one piece 
two pieces 
one piece 
one piece 
one piece 


Same measurements as for the third-stage 
low-pressure compressor above. 


Fifth- and sixth-stage variable stators; inspect stators marked on shroud for ease of opening 
and closing by moderate finger pressure per Teardown and Inspection Instructior:s. 

Sixth-stage stator vanes - two pieces marked on airfoil ID trailing edge. Remove ‘‘rom assembly 
and measu •» surface roughness at 18 places same as for third-stage low-pressure compressor 
blades above. Inspect ID bushings and tnmions for wear. 



^Approximate location gaged by eye is acceptable. 
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ATTACHMENT B-2 


Stator 1 “A" and “H** Angjte Measurements 

S0% Stator 1 vanes in the »sembly 4K>uld have their “A" and **H" an^es measured at the 
given sections as shown. 


Face Of Stator; 



OPCH NM IBBBaa 
OF POOR QUALmfi 
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ATTACHMENT B-3 


(1) Folloiwing is variable stator linkage - ad|ustment/test 

(2) Procedure for 6 valve arms for variable a ccessory. 

(a) Rotate variable stator system (crowr foot wrreiKh may be used) to the six degrees 
rigging position and insert PWA 2S637 ri^ng pin at the compressor stator lever. 

(b) With the lever pinned at the plus six degrees rigging position, measure vane arm 
Angle A (see Figure 503) on the 16V. 5th, 6th and 7th stage using PWA 28199 
Gage and a suitable standard vernier protractor. 

1 Release tabiwasher on bolt securing vane arm assembly. Remove bolt and re- 
tain, discard tabwasher. 

2 Install detail-2 (pilot bolt) in place of bolt 

3 Position detail-1 (body) over detail-2 picking up varte arm pin. Secure v.>ith 
thumb screw , (detail-3). 

4 Loosen nut from mating case flange, position detail-4 (plate) arxl secure. 

5 Place base of vernier protractor on detail-4 (plate), adjust protractor arm to 
detail-1 (body) 

6 Read angle on protr ac tor, record angle. 

7 Remove PWA 28199 Gage 

a Remove detail-4 (plate), retorque mrt at mating case flange, 
b Remove detail-3. -1. arxl -2. 

8 Using new tabwasher install bolt removed in step 1. TorqiK bolt 

(c) With lever remainirtg pinned at the plus six degrees rigging position, insert rigging 
pins at the syrx:hronizing rings. If rigging pins cannbe inserted* 

*Make a note of any rigging pin that cannot be inserted, arxl recom the magnittide of the 
tangential offset (see sketet^ below). 
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ATTACHMENT IM 


Additional Variable Vaie Testing 

After module disassembly the following measuranents should be t^en on 10 vanes per 
stator assembly. 

1. Insert rigging pin into 6 degree rigging hole on unison ring. 

2. Measure tangent angles on vaiable vanes as shown below: 

Vane Section Diameter 

IGV D-D 32.599" 

55 D-D 30.852" 

56 L j 3a344" 

57 D-D 2a692" 
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ATTACHMENT B-S 


HPC RUNNER CLEARANCE/THICKNESS 

1 . Measure clearance — start at rig pin location. Continue in a clockwise direction as 
viewved from the rear. 
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ATTACHMENT B-6 


PLATFORM 



^OOfAi: RRa- 



MEASURE AND RECORD THE GAP BETWEEN THE REAR INNER SUPPORT WHERE IT 
MATES WITH THE FIRST T VANES', TAKE MEASUREMENTS IN 8 CIRCUMFERENTIAL 
LOCATIONS. 
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ATTACHMENT B-7 




APPENDIX C 

QUALITY ASSURANCE REPORT 
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APPENDIX C 


QUALITY ASSURANCE REPORT 


INTRODUCTION 

The Quality System provides for the establish- 
ment of quality requirements and determina- 
tkm of compliance from procurement of raw 
material until the end-item article is accepted. 
The System ensures the detection of noncon- 
formances, their proper disposition, and effec- 
tive corrective action. 

Materials, pa^^ 1 assemblies are controlled 
and inspected tv. Uie requirements of the par- 
ticular engineering program involved. A full 
production-type program requires inspection 
to the requirements indicated on the drawings 
and pertinent specifications. On experimental 
programs Engineering may delete or waive non- 
critical inspection requirements. However, all 
parts on certain engine test prc^rams and crit- 
ical parts on other prc^rams require complete 
inspection. Details are provided in Experi- 
mental Quality Assurance procedures. 

Parts, assemble, components and end-item 
articles are inspected and tested prior to deliv- 
ery to ensure compliance to all established 
requirements and specifications. 

The results of required inspections and tests 
are documented as evidence of quality. Such 
documents, when requested, arc made avail- 
able to designated Government Representatives 
for on-site review. 

Standard P&WA CPD Quality Assurance Stan- 
dards currently in effect were followed during 
the execution of this sub task. Specific stan- 
dards were applied under the contract in the 
following areas: 

1. Service Center Assembly 


2. Production Test 

3. Experimental Assembly 

4. Experimental Test 

5. Instrumentation and Equipment 

6. Purchased Parts 

7. Data 


All Parts used were Final Inspected Parts from 
normal souices and were properly identified 
by the required markings. 

SERVICE CENTER ASSEMBLY 

In the Service Center Assembly area the engine 
was: 

1. prepared for the initial tests 

2. disassembled and reassembled with 
experimental cases 

3. analytically tom down 

4. rebuilt for service 

The Service Center’s operating procedures & 
practices are approved by the FAA and con- 
trolled under the FAA Certification Station 
No. 3990 (Gass III). Example of the types 
of documents utilized at that Station are 
shown in Attachments C-1 , C-2, and C-3. In 
all cases, the work is signed off, dated, and 
approved. 


NO 



PRODUCTION TEST 

In the Production Test facilities the engine was; 

1. calibrated as required to document 
the overall engine performance de- 
terioration since new 

2. calibrated for “final acceptance” 
prior to return to service. 

Tiu' operating procedures and practices fol- 
lowed in those facilities were monitored by 
Test Quality Assurance Inspectors, under 
FAA Station No. 3990. which insured con- 
formance to established P&WA specifications 
and procedures. 

EXPERIMENTAL ASSEMBLY 

In Experimental Assembly, the engine was 
received fully assembled for installation and 
removal of the additional performance meas- 
urement probes. The work was performed in 
D-955 under the Experimental Construction 
Procedure. Volume 9. Procedures. Attachment 
C-4 is a sample document out of Volume 9 
which established procedures for internal 
audits. Volume 9 establishes the procedures 
and responsibilities for the control of the 
various quality standards within the Depart- 
ment. Attachment C-5, PWA Form 64, is a 
sample of the types of documents utilized 
for specific instructions to the Experimental 
Assembly floor. 

EXPERIMENTAL TEST 

In Experimental Test, D-956, the engine ran 
a performance calibration. The testing was 
performed under Experimental Test Depart- 
ment Procedures No. 8 which covers testing in 
X-8 stand. Attachment C-6, No. 8.3, is a sample 
document out of Test Procedures No. 8 which 
specifies the Pre-Start Procedures for X-8 Stand. 


INSTRUMENTATION AND EQUIPMENT 

Instrumentation and equipment are controlled 
under the P&WA Quality Assurance Plan. 

The accuracy of gages and equipment used for 
quality inspection functions is maintained 
by means of the control and calibration sys- 
tem described in Gage Standards Proc'edurcs. 
The system provides for the maintenance of 
reference standards. procedua*s, records, and 
environmental control when necessary. 

Reference standards are maintained by peri- 
odic reviews for accuracy, stability, and range. 
Certificates of Traceability establish the rela- 
tionship of the reference standard to standards 
in the National Bureau of Standards (NBS). 

Recertification is accomplished by rccalibra- 
tion at NBS or at a laboratory with proven 
traceability. When reference standards are 
used to calibrate work standards, calibration 
is accomplished in environment-controlled 
areas. 

Initial calibration intervals for gaging and 
measuring equipment are established on the 
basis of expected usage and operating condi- 
tions. The computerized gage control system 
provides a weekly listing of all gages and 
equipment requiring calibration, highlighting 
overdue items. 

Gages and tools used to measure final dimen- 
sions are calibrated by Gage Standards. 

PURCHASED PARTS 

Pratt & Whitney Aircraft has the responsibil- 
ity for the quality of supplier and supplier- 
subcontractor articles, and effects its respon- 
sibility by requiring either control at source 
by P&WA Vendor Quality Control or inspec- 
tion after receipt at P&WA. Records of in- 
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spections and tests performed at source are 
maintained by the supplier as specifled in 
P&WA Purchase Order requirements. 

A Quality Assurance Representative is assigned 
by P&WA to a supplier's facility when it is 
more economical or effective to control qual- 
ity in this manner. The Representative ensuKs 
that the supplier includes P&WA quality re- 
quirements in subcontracts. He is responsible 
for surveillance of the supplier and the sup- 
plier’s subcontractors and ensures that the 
supplier takes prompt corrective action 
when necessary. 

Quality Assurance makes certain that required 
inspections and tests of purchased materials 
and parts are completed either at the supplier’^ 
plant or upon receipt at P&WA. 

Receiving inspection includes a check for dam- 
age in transit, identiflcation of parts against 
shipping and receiving documents, drawing 
and ^ecification requirements, and a check 
for Materials Control Laboratory release. Posi- 
tive identification and control of parts is main- 
tained pending final inspection and test 
results. 

Control of vendor calibration procedures is 
accomplished throu^ stipulation of cali- 
bration requirements on the P&WA Purchase 
Order and surveillance by Vendor Quality 
Control personnel. 

DATA 

The performance data for P-695743 in the 


Production test stand were recorded on the 
Automatic Production Test Acquisition & 
Control System (APTAC), which was cali- 
brated to specific P&WA procedures prior 
to the specific tests. The calibration of the 
various measurement systems use standards 
which are traceable to the NBS. The cali- 
bration of these various sensory devices are 
relayed to the computer whidt fits the best 
straight line through each point for use during 
engine test. 


The performance data for P-695743 in the 
Experimental test stand were recorded on the 
Steady State Data System (SSDS), certified 
per Instrumentation Standards & Procedures 
(IS&P) No. 3:3101 shown in Attachment C-7. 
These procedures specify the calibration in- 
tervals for the various components requiring 
laboratory certification. During each data 
acquisition, the systems record certified refer- 
ence parameters to provide an “on-line” veri- 
fication that the systems are performing prop- 
erly. An instrumentation certification is shown 
in Attachment C-8. 

These “confidence” data are reviewed at the 
time of the run and are later analyzed to pro- 
vide an overall assessment of the systems oper- 
ations. 

Quality Assurance personnel ensure that 
records pertaining to quality requirement are 
adequate and maintained as directed in 
Experimental Quality Assurance Procedure. 
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AITACIIIfENTC-4 




•j.i*. /u IJ-, a* EXPERIMENTAL CONSTRUCTION PROCEDURE 

TCCM.40U>CICS. 




V0LU!»5 «rCCPT. «SS 

C*1E6'1R» I:0»*:*'1IZ»TIOS| 

o^is.puRL.: e/o«/n 


9.1.6 
PACE 1 
2/09/77 


ASSEPRLT AUDITS. 


PURPOSE 


To estoblisA (Ae oroceUure ond resoonstbi 1 i tv for Oeot. 9SS 
Intcrnol owdits. 


SCOPE 


All E>»oino/9la oe^s* Ooerotlom «nd **eosure«ent S*«ectSr 
Historical Tceords. £«aeriventol Construction Procedures Vclu*e 
9* end Caoital Couicnent Utilization. 


I. «<EM0S«0PEitAT13^ AND MEaS*J9E'<EAT SHEETS. AND HISTORICAL 

RECORDS 


1.1 An audit of enoine or ria nenos. ooeration sneets. 
ocasure'*'ent sne«ts ana the enoine historical record uill be "ade 
br a Suoervisor on a aailv basis. 


1.2 The General Porenan uill assign, to a Suoervisor. the 

engine, rig and Section to oe audited. 


l.S dhen the Suoervisor has co-voleted the audit, he will 
record all discreoancies on Fora £A »bl and return the fora to 
the Suoervisor whose engine records were audited. 


I.a The Suoervisor shall ouestion the asseabler in charoe o* 
the enoine or rig huild on Asse'rnlv Floor oroceour>s. Questions 
and answers will oe recorded on tt^e reverse side of the £a aol. 


l.S 

uill 


The Suoervisor 
investiaate all 


in charoe of 
discreoancies 


the audited enoine rwcoros 
involving his Shift. and 


raw*. 
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ATTACHMENT CA (0»t’d.) 


-- ;r‘{f?=or«fTra exp£rim€ntal construction procedure 

>^'lCCHMOU)CICS. 


wour'E 

C*iCCO«r 

ORIG.PUSL.: 


«:0£PT. «S5 
l:0»6i*:lZilI0’« 
2/a4/7| 



«.l.6 
PA«C C 
2/e«/77 


record* on iHe back of the fore* c*>e nones end clocic nwrbe>’s of 
the osse'olers involved and the corrective action taken. 


1.6 After corrective action is cc^leted on ois shift* the 
Supervisor vill forward the CA aol to the follovino two Shifts* 
which will investieate their aiscreoancies in accordance with 
paraoraoh l.S. 


1.7 The last Suoervisor after the insoection Suoervisor will 

be resoeneible for filino the co«oleted EA eol foro in the 
AssevbW Records File at the General Foreman's desk. 

Esaaole: All first shift insoection records wwst be filed bv 

the third shift. 

All second shift insoection records oust be filed bv 
the first shift. 

1 

All third Shift inspection records oust be filed bv 
the second shift. 


l.S Each Suoervisor will sion his nawe in the useer rioht 
hand corner of the insoection forn (Ea A6I) to verify t»at he nas 
oade the corrections for his shift. 


I.b . necessary corrections to the "eno* ooeration 
etc.* nust be co»olcted within the 2o hour oerioo* and 
061 olaceo in the Asseaolv Pecoros Insoection File* 
General Foreran's desc* for verification. 


2. EXPE0IM2UTAL COWSTRUCTIO*! PR3CE9URES* VOLU^aC « 


?.I All Eiowrirental Construction Procedures* folowe • will 
be revirwrrt bv Surrrvision on a yearly oasis oer schedule isswrs 
by the Cenerei Fsrerae's Clerk. Ueolies* cnanoes* and deletions 
•ust* todether with the orooer justi f ication* be returned to the 


sheets* 
for:- EA 
at the 
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ATTACHMENT (CbntU) 



UNfTCO 
TEOUlOtOCIES. 


EXPERIMENTAL CONSTRUCTION PROCEDURE 


fOLU-C 9:P£RT. «SS 

cmcOSY l:C)6:UiUAT10N 

0RI6.PU6L.: 2/09/71 


9.1.6 
PACc 5 
2/09/77 


C«ner«l fere^aA within lO worfcinq davs fro* dat? of issue. 


2*2 The Genera) Pore*an's clerk will naintain all records 
and take the necessarv steos to see that chaoses* celetions* 
cancellations* etc.* are corrected in the syste*. 


J. CAPITAL eOUlP'iENT UTILIZATION (REF: E.C.P. l- 12 -a> 


5.1 

f ises* 

(tens* 

5.2 Each oiece of eouionent will have a book attached for 
record purposes. 


* S.S, An audit ,of utilization records will be *ade 

seni^annua) ly* in January and July of each year. 


Caoital eouionent* with tHe'*'e>ceot ion oi wore benches* 
caoinets* hoists* levelators and sone s^all niscellaneous 
will be Bonitored for utilization. 


EOP — - 
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ATTACHMENT C-6 


porsTftmanzivAcxnATTer^u? ^ 

EXPERIMENTAL TEST OEPARTHEMT PROCEDURES 


nPT- TgT tMCmgES 


5 


M>. 8.3 
•«« 1 of 2 


■MUS* 7»2*‘-70 


TITUS; 


i-a swro wg-5iW pwonsnuBK 


1.0 FWOBE 

1.1 ft establisli a standard opezatlt^ ptocadure for tbe ;r^-s^art etaectoff 
list for gat turblite cagloes aial to insure a srsteoatie set;wd and 
sequence of operatloo to protect persoanel and equlpnent fron Injury 
and danage. 

2.0 HOTHEgCS 

2.1 X -8 Stand Operating Procedure XTDP8.0> 

3.0 SCOPE 

3.1 This Procedure provides an Itenlzed list of equipneat and systeas to 
be etoeckcd for proper worUng order and coaditioa prior to each test 
stand Sturt. This is not a conplete listing of all itens to he checked, 
but rather the aore generally used itens. 

k.O MSPOCIBIUTT 

k.l The responsibility for carrying out this Procedure rests uith the Area 
Forenaa and stand engine tester. 

5.0 igs-gtocnogs 

5.1 ftst supervision shall assure that operating personnel are instructed 
in any specific deviations fro* noranl operation. 

5.2 Bequests for deelatlons fron noraal operation anst be uritten and 
signed by tbe Experiaental Test Engineer on the N.T.S. The Area 
FOrenaa aust be cognisant of end approve aU deviations. 

5.3 It is the responsibility of the stand engioe tester to review or double 
check each iten with his crew, prlaarily the lend assistant tester, end 

- in sane oases the engine engineer prior to the first start of stood 
•ueb shift the <vagiae runs. 

S.^ The Prr-Start rheckoff :j.st is to be conpleted i-y the staod engine 
tetter and his crew prior to every start. 


5>.l Mhen engine is operating at cMnge of iblft. the crew is to be 
briefed cy Test Hn^in-^r or. progxks, rs^ine spereting .inits 
end energeacy shutaowc procedures. 
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ATTACHMENT C-6 (Cont*d.) 



paMTfi v-Torrasy AinsRAPT cnau? 

EXPERIHENTAL TEST DEPARTMENT PROCEDURES 

CgPT. 956 TKBT PBOCKWRES 


Jl. 


«• B.3 

»M< 2 or 2 




nilE: 


1-6 sm«> ffis-siMT wocragg 


5.0 ngaucTroBS (Coofr.) 

5.5 Tbe stood onsioo tester wilX cbeck off eocb its* after revlevtog It 
Hltb his crew or eftar seodlas • cr'w ■eabsr iato tbe staad for a 
double dieck aod le will si«a aod date tbe bottoa of tbe checkoff 
list la the space proeided. 

5.6 Aogr its that Is oot applicable will be so ooted bp M/A opposite the 
item rstber thao a check. 

5.7 The Z-d Pre-Start C h e ch off Usts will alaaps Include the in»«al 
sequence of eventr. up through and Inrlnding tomlag on the ruaoiog 
li«hts. 

5.8 Once tbe check list is coapletad bp tbe operator, the area forenaa 
will initial tbe chedc list indicating his approval. 

6.0 PSE-STMtT cmoc LIST X-D 3tMP 

6.1 See Pre-Start Cheikoff List. 

7.0 tsiaraoK 

7.1 The conpleted checkoff list will be kept on the staad ia tbe booklet 
described in Peraersph k.2 ofX-8 Stand Opereting ftocedure 

7.2 One conpleted check list aod one active cheek list fotn will be kept 
on tbe stand. 


) 


«■ 
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ATTACHMENT C-6 (Cont’d.) 



HTLB: X-8 IEST S»1B) PBB-S»RT CHECKOFF LIST BCIME BO. ^ 

SET NO. ^ 

A. HIGIIIE IMLET IBSPBCnOB 

1. Engine Inlet to be Inspected two teams - operator and assistant 

operator, ei^ineer and foreman if any one of the following conditions 
apply: 

a. Initial start. 

b. Bach and every start when fan ducts are off. 

c. First start after fan ducts have been installed. 

d. First start after any type of work involving the engine inlet area. 



B. HIGIIIE LEAK CHECK 

1. Prepare engine and stand for fuel and oil systois leaK check before initial 
start or first start after extensive engine changes. 

a. Pressurize without motoring engine. 

b. Pressurize and motor engine for 5 seconds, IGHITKMi OFF ~ SUPPRESSION 
WTER OH . 

c. Check for leaks per 

d. If no leaks, run per engineer's instructions. 



ATTACHMENT C-6 (Coat’d.) 


Chnuo. # 

M ^ M n r « • V 


EXPERIMENTAL TEST DEPARTMENT PROCEDURES 


SBUJBk. 


NO. 8 . 3 * 1 -* 

»*«c 2 of 6 

•NDwm 7-2^7® 
»«MfM«o 2/l**/77 


x-8 aiMMP omofr list 


> T 


sn HO. 


C. WQIHE OreMTIHG AT SHIFT CHIHGE HHD RELIEF fBRIOPS 



QwDge of shift crew eod/or relief crew to be briefed by test engineer 
aod operator on progrsa, «glne operational Halts and eaergency shut* 
down procedures. 



a 


s. 


r. 


G. 


ATrACHMENT C-6 (Cont’d.) 

Piutnr4iiiwiiBYAWCiuwiiROUP 

1 

i 


m 

We 


j 

EXPERIMENTAL TEST DEPARTMENT PROCEDURES 

CEPI. ^6 TH3t PBOCKSURES 


NO. 8«3<1 
e4«c 3 of 6 
lasuee 7-29-70 
■ewino 2/I4/77 

TLB: T-fl 1SST S»B3 PRB<SnRT CHBCKOFT LIST BBGIBI 

^^5 SIT MO 

_z 



OPTBIIB AREA 


m 


a 

a 

im 

Eli 

El 

El 

EEI 

m 

fB 


1. Select correct type of Itiel, other 
types off. 


B 


1 

1 

1 

1 

1 

1 

1 

1 

B 

2. Cell inlet screen clesa and clear. 

VI 

VI 

VI 
1 A 


ZI 


Zl 

Z 

□ 

Z 

Z 

z 

' 

3< Inlet curtain open and visually check. 

1 

■II 

BB' 

■ 

■I 


{■ 

■1 


U. Denlnerallzed water systea ready for , 

operation. A 

1 

a 

a 

a 

a 

a 

B 

— 

5- Inspect fhel lines and filters. / 

« 


■ 



H 

n 

la 


o. 

n 


m 

■ 

■ 

m 

M 

■ 

■ 

B 


'* -1 







B 

B 

B 

B 



ROOF AREA 

1. Inspect gas c<mtrol hours (normal run- 
ning). 

! — 



1 

1 

1 

1 

1 

1 

1 

1 

1 







r 




n 

n 

1.1 Matuiral gias oain val.e on roof 
off. _ 

r • • 


I* 




I 




a 

a 

1.2 Batural gas valve in control 
house off. , , 



A f 

' tr 

a 

a 

a 

a 

a 

a 

a 

a 

I 

2. ” 

3. 

CELL IRLET IBSFBCTIOH 
1. Inlet area. 




■ 

■ 

■ 


■ 



■ 





□ 

□ 

□ 

□ 

rn 

□ 

rn 

rn 

n 




1 

1 

1 

1 

1 

1 

1 

1 

1 

z 

IQ 


■1 

z 








2. Kater burner inspection, check for 
loose material and for cracks. 

z 

1 


a 

n 

z 


— ! 






3> Heated inlet Thermo-Couple (T.cT) 
traverse rake in up position. 


a 


a 

a 

a 

a 

a 

a 

a 

1 

a 

4. Forge Imiver operation, condition 
and Dosition. 

7 

IE 


a 

a 

a 

a 

a 

a 

a 

a 

a 

9. Engine inlet and inlet frame. 

2 

m 


■1 

H 








6. Slim-iOR air suDolv valve on. 


IB 

LI 


P 

p 



p 

p 

?• Fan handling beam forward. 

. 7*^ 



LI 

t 

t 

P 

p 


1 

p 

p 

6. Front platform down. 



n 

n 

IZ 


n 



n 

n 

9* Close inlet cell doors. 


IV' 


rj 

1 

tz 


iZ 



r~ 

r ! 

10. ■ 
11. 


■1 

■i 

■i 

Hi 

Hi 

'm 


■1 

m 

1 mbh 

iBH 

IB 


■■ 

IB 

Hi 


HI 

'Hi 

Hi 

Hi 

HI 


3 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 


ATTACHMENT C-6 (Cont’d.) 

PRATT& WNmmAnCRAPT QROUP 

EXPERIMENTAL TEST DEPARTMENT PROCEDURES 


DEPT. 956 TEST 







Tins: 


Y -a TEST STAMP PHE-START CHECKOFF LIST 


Engine Ho. *7 H 

Set Ho. I 


TEST CELL 

X. 

5 "' 

3“" 


e: 


Tl 


2: 

0 

1"' 

2 

1. Proper type of oil and tank filled to proper 
level. 

/ 


/ 










2. Check Ptiwer Lever Arm and Condition Lever Arm 
for proper operation and travel. Assistant 
to actuate both levers at control desk during 
checks. Both shafts should rotate full travel 
in both directions. 


/ 

/ 










3. Cover removed from ejector. 

2 

z 











4. S^'condary air & ejector plug open or as 
engineer* s requested. 

/ 

J. 

y 










5. Inspect secondary air area. 

jL 

X 











6. Pressure on to hydraulic lock pins. 

i«/^ 












7. Inspect engine hardback for proper safety of 
upper and lower front mount bolts (Snap rings* 
cotter plns-D-70 safety fixture). 

./ 

/ 

z 










8. Inspect engine hardback for proper safety of 
upper and lower rear mount bolts (Sn^ rings* 
cotter Dins). 


/ 

iZ 


L 








9. Inspect engine front mount bolts for proper 
installation and safety. 



/ 










10. Inspect engine rear mount bolts for proper 
installation and safety. 


y 

y 










11. Inspect four (4) sling or spacer mount pins 
for Drooer insertion and safety. 

i/ 


/ 




i 






12. Inspect four (4) hardback mount pins for 
Drooer insertion and safety. 

> 

/ 











HOIE: Pay particular attention to any 

area where other departments have 
made changes and may have disrupted 
safety provisions. 



y 










13. Slip ring air on. 











14. Stack clean and door closed. 


Ezrz 










15. Visual engine inspection & instrumentation 
secured. 


y 

X 










16. Bulkhead doors closed and locked. 


y 











17. Fuel valve (sample) closed and capped. 


2jL 











l8. Fuel scavenge on automatic. 

t/ 


X 










19 . Ejector flare set to 50% or as requested by 
engineer. 

1/ 


t 

X 










20. Tie fan hoists to rear of cell, clear of 
water line and secondary air. 


A. 

\ir 

















t 
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ATTACHMENT C-6 (Cont’d.) 

PIIMTAWMTIfByAMCIIimQII^ 

■■GMIIIIMHl 

EXPERIMENTAL TEST DEPARTMENT PROCEDURES 




NO. 8*3 »1 

•>*oc $ of 6 
iMuco 7*20-70 

2/li* 


r4fMd 



■PEBT rnTJ. (Conf d) 


MrannEiHsiEiEiiSiiiEF 


21. Tie fan hoists rails to permit steam extln- |j| , 

gulsher operation. LA 

22. All hoists secured plus hoists beams in ejec 


•yo (2) lift platforms down, unless needed fc 

idle Chech. 

Cooling air on to vane, hydronic pots, Igni* 
tion harnesses and starter. _______________ 

Thrn off cell heaters . 

Clear cell of all personnel, close doors and 
man until running lights are turned on. 


(L ROOM 


■ a V a 

AM 

w 



Data sheets complete & ready for use. 

Know your program and nature of xun. 

Brief data tahers on all engine limits 
listed on mount sheet or noted in the 
M.T.S. Remind each data taker of the 
appropriate action to take when it is 
exceeded. _________________________ 

3.1 Verify that all engine operating 
limits are posted in front of data 
tak^ responsible for monitoring and 
recording limit parameter . 

3.2 Verify that all engine operating limits 

are noted on top of the data sheet 
whore parameter is recorded. 

3.3 Brief crew on duties and any special 

assignments. 

Calibrate thrust meter readouts visual and 
Astro Data System. 

Calibrate fbel and water readouts . 

Calibrate all digital readouts . 

C o rrect fUel type>light on. 

Contact data central on readiness of systmn.. 
Power on 24 Volt and 400 cycle. 

Slipriag air on and pressure reading. 

Brush lifter air reading. 

Turn on & clear engine annunciator panel. 


4 A 



j 







ATTACHMENT C-6 (ConCd.) 


PWrTAWMTNIYAMCIUrr QiiO^ 0«au«» 

EXPERIMENTAL TEST DEPARTMENT PROCEDURES 


X-8 1ST 


FRE-STARI CBBCKOIF J^T 


COBTHOL ROOM (Cont'd.) 

13. Check stack water interlock to Ignition. ___ 
lU. Check all indicating lights. 

15. Check operation of steam fire system. 

16. &igine bleeds properly set per engineer. 

17. Power to Gas Alarm & cleared. 

18. Heated inlet T.C. rake up (light). 

19. Natural gas (Methane) off and purge louvers 
closed. 

20. Turn on fuel valves. 

20.1 Pressurize & motor engine for fuel 
system leak check. 

21. Call foreioan for initial on first start 

eifter extensive engine changes. 

NOTE: Heated inlet operation on bested in- 

let orocedures. 


EHGIHE HD 

SET no. 


lEioaiais 


EHGIHE TKTER'3 3I(2mURE 
Operator's signature will signify that the 
equipment inspected or function performed 
is fully satisfactory for test. 




READY TO RUN 


Foreman's signature indicates approval 
of pre-start check list. 
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ATTACHMENT C-7 


Pratt a Whitney Aircraft 

MAAT^OHO •• COMMSCTtei/^ 


u 

OIVtttiON 01> UMfTCO AinCAAFT eO«*0»ATlOM 

Pi 


EXPEItIMENTAL ENGINEERING 

INSTRUMENTATION STANDARDS & PROCEDURES 


*«» 3;310}. 

*1 §_ 

P— 5-21-70 
A-k-iO-7h 


ASTRODAia STEADY STATE I*TA SYSTEM (SSDS) CERTgKATIOg 


1.0 SCOPS 

The purpose of this procedure is to docissent the neens which sre used to 
certify the accuracy and precision of the Astrodata Steady State Data 
Syatea. 

2.0 mTsowxrrica 

This systea consists of a central on>Ilne coeputer, central Interface con- 
troller, and local sub-systems which acquire data from test stands. The 
availability at on-line coQp<itisg capability permits a flexibility in the 
application of sensor calibrations to the recorded data, and permits statis- 
tical evaluation of the precision of seasurement. 

Both the pressure neasuring equipeenc and the lew voltage censuring equipment 
sense output aider zero conditiims concurrent with test measurements. These 
test measurements are automatically corrected for zero offset, which is a 
parallel shift of the input-output relationship of the equipment. 

Two methods of calibration are possible. 

2.1 Certified reference paremeters nay be applied to selected chancel inputs 
("confidence channels ') during acquisition of test data. This is referred 
to as "concurrent" calibration. 

2.2 Certified reference parameters may be applied to selected channel Inputs 
prior or subsequent to acquisition of test data. Static readings or 
systea scans are taken for the sole purpose of acquiring the calibration 
data. This is referred to as "noncencurrent" calibration. 

Any combination of the two techniques is acceptable, provided all performance 
data parameters are recorded using certified equipment. 

3.0 -Qina-iSiT Aim [MTSPHIS 

Equivalents may be used provided they are certified to the required accuracy. 
3.1 Certification R .quired 






71 


S'- 3b - n 


^ 4-n-74-\ 

2-U-?A 
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ATTACHMENT C-7 (Cont’d.) 


im»sfA»is 

pilPaRQOAUTr 


g «« 6 

O— 5-81-70 
«»». A-U-I0-7U 


ASTRODATA STSADY STATS PATA SYSTEM (SSDS) CEBTr ICATIOR 

3-X.l Aaetek dead welgiit testers of appropriate range. 

3.1.2 Texas Instrtkaents decision Pressure Gages (PFG's) of appropriate 
range. 

3*1.3 Claude S. Gordon lee Reference Unit with theraxscouple wire pairs 
of appropriate caterial. 

3.1.U Astrodata P/N 25**69 - av source 
3*2 Certification Not Required 

3.2.1 Regulated pressure source 

3*2.2 Mechanical vacuum pumps (P) 

3 . 2.3 Data sheets as appropriate 

3 . 2.4 Pressure vessel with c." cu. ft. mlmXaua volume 
4.0 ir.’STRUCTIOTrS AND FR0C7DUR-S 

4.1 Pressure 

*4.1.1 Concurrent Calibration 

Certified Ametek pneumatic dead weight tester output pressures are 
connected to the SSSS pressure charnels such that each SSDS pressure 
transducer scans one or more known pressures appropriate to its 
range during each data scan. This data is recorded In the sane 
manner as test data. The barometric transducer f>'r the local 
sub*system must be calibrated by I.S.AP. 3=3269 tc complete the 
certification of absolute pressure transducers against a pressure 
standard sirch as the Texas Instr. Precision Pressure Cage. 


1?9 


ArrACMMENT C-7 <Cbiit*d.) 




•»_5=2t2SL. 

A-k~lO-Tk 


t s agu oA sism strax atci ststss (ssos'i casTnaaim 


*h.X^ ■nocna enrr eat CaUtemtloB 3:3269) 

Stanterd p r a gaa r ea are applied to each data sjatca pressure 
tragsitirer. Ibe standards use** to detexalne these pressures 
are the teeCek dead ueipfat tester (banaetrie reftrenee) tad 
the Tesss lastnants FF> (Bard •eeum reference). Several 
p * a ssu re laereaeats of the tnnsdacer (hll scale reading are 
set and the spstea outpet is a a asu red on a SVX. 

F r eq u e oe y 

h.2.1 Ceaeurreat Calibratioa 

Ihis type calibratioa is sot used because a given frequency 
channel is not connotated betueen several frequency sigiais. 

PoDcoecurrcat Calibratlan (l.S.P. 3=3270) 

B a ch fteqneney cbaaael is certified by conpariag the systea 
re ado ut with' that of a certified comter ataea both are reading 
the output frequency af an audio oscillator- Ty^cally, several 
freqocacles is the 0*10X Hz range are recorded. 


%.3 Thrust 

V.3*l Coocurrent Callhracioa 
Pot used. 

^.3«2 ■oaeoncurrent Calibratioa (X.S.P. 3=320$) 

Tb 0 thrust channels are certified by recording the systea 
o u tp u t tn the H-^al aode. The B-cal values are detersised by 
the referenced ISIcP. 

Thr-st ir recorded ou two frequency channels. 
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ATTACHMENT C-7 (CbatU) 




PACK IS 

POOR quality 


liUPl - 

»*— h ^ 6 

W— S-gl-TP 

■,» A-V-10-7k 


MTBOBM* STEimr STATE STSTEH (SSOS) CERTIFgATlW 

9X. ItoltagB 

Cooearreat CaUbretlua 

A single ■lUisolt cbeanel trsa each systsa aaltlplexer is 
nsed to record the nillieolt outpot of the stmidord aiUiwlt 
source (Astrodatn P.I. 25^9) assisted to the systea sdbstatloa. 
These ”ccnf ideoee channels" are recorded coocvrreBtly »itl> all 
engine teat data. 

h.h.2 Boocoocorrent Calihration 

Each eaf (aiUleolt) channel Is calibrated by coeparing the 
systea readout with the iapot from each of the SSOS standard 
voltages daily. This calibration data is used to corret the 
test data antoaatically. 

Teaperattire 

I 1 . 5 .I Concurrent Calibration 

The outputs of ertifted themocouple wire pairs with one 
jwetion la a certified Ice Reference (fait are used to detersir.e 
the teaperature of the reference jtsictlon blochs. Additional 
slailar theraocouple wire pairs are also used with one ju^tlcn 
at the ice reference wiit and the other at the reference J>jr.ction 
block to verify that the systea records correctly the tenperacure 
of the ice reference unit. 

h.3.2 Bo o coocurrent Calibration (I.S.&P. 3:32^3) 

Harking themocouples are calibrated by the referenced I.S.&P. 
when fabricated, this calibration data 1$ stored in the 
systea. 

5-0 DISPOSITIOa OP DATA 

All concurrent and nonconcurrent calibration data is reviewed by Engineering. 


D 
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ATTACHMENT C-7 (Cool’d.) 


w- 3;3101 




A-<l-10-7U 

tsmaoMA sTSor stats zarx srsrs< fssas) can- icATiry 

$.1 CoocnrraiC Callbracioo 

Ba tat«r«els ftre est^iishad for coocorrcat calibrotioa because of 
its eatare'. Befer to 2.0. 

$.2 Eaocoacurrent CoXibrotioo 

intervals establish for eoaconcurrent calibration are as fbllovs: 

•9^.1 tnssvre 2 eootbs per JS&? 3:3269 

*5.2-2 Frequeocr 6 aootbs per ISb? 3:3270 

5 . 2.3 Tbmst each lastallation per ISbP 3:3205 

3:371.0^ T’>'“ L»aJCfJ-j^ 

5 . 2 .^ O.C. nv each day 

5 . 2.5 Teaperature (Ws when fabricated) per IS4? 3:32^3 

5.3 All ooRconcurrect certification (iata vlU ba retained by the 
Cognizant lastmrentation Group. 

5-b All concurrent certification data will be retained by the ensine 
group as part of the engine log file. 

' ^>5 A white calibration sticker vill be displayed on the nonconcurrent and 
concurrent data printouts. 
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ATTACHIIENT C-7 (0»tU) 




3:3X01 
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APPROVAL : TE3T ENGINEER 

INST. LAB FORCMA^’ 
DATA RECORDED BY 
































APPENDIX D 
FUEL ANALYSES 


I3S 



MATEIIALS EiailEEilHS 
i 

lESEARON LABORATORY 

ACCOi^MT no. 

706067-3201 

LAA. »C, 

L-274 

OATC OCQUCSTRO 

9-13-77 

DATE OeLCASEd 

9-2077 

Mouesreo av 


DEPARTMENT 


R. Bouchani 


Eng. EB 3J 


SCHO MC^ORTS TO 




R. Bouchani. A. Oavis 




RART NARBC 


MATERI AL 


Jet Fuel 


Jet A 


^ART NUMaER 

meat CODE 

serial no. 

ENOINE TYPE 

NO. 

MFC. 


JT90-7A(SP) 

P743-01 



RART TIME 1 

OPERATED 8V 





Specific Gra«itv and HOC 





Results 




S.G. 60/60F 

HOC Net Btu/lb. 

Sampia 

9-12 

0930 

Start 

.8072 

18864 


9-12 


EtkS 

8072 

18862 


MPORTCO RT 

AFPAOVCO av 

A, Bailey. R. Waxier | 

J. H. Siter 3146 


^WA FONM Ml ACV. 9.T9 




















Gowamment Products OiMaian 

MATEIIALS EHOIIEEAlia 

A 

RESEAAOH LAIORATORV 


ISO. no. 

77200-7060^ 


I OSTt aSOUCSTCO 

8/0S/77 

I osTs ocicssca 
8/24/77 


NtQWCSTCO SY 


OKPAMTMENT 


A. Ourgin 


SKMP HEPORTS TO 

A. Btsttin. R- Bouctiard, J. Kimball 


Building 410, MkMtetoiwn 



ENOinc type 


JT90.7ASP 


MATERI*!. 


ASTM 0-1655. JM A 



WOWK UKOUESTKOt 


Specific gravilv and heat of combustion. 


Results: 

Sample 


Date 

Engine No. 

Calibration 

S.G. 60/60F 

HOC. Net. Btu/lb. 

7/2B 

685743 

Pro 

0.8123 

18320 

7/28 

695743 

Post 

0.8128 

18335 

8/01 

695743 

Pro 

03128 

18340 

8/01 

6K743 

Post 

03128 

18325 

8/02 

685743 

Pro 

03128 

18315 

m2 

695743 

Post 

0.8123 

18325 


A. Bailey, R. Waxier 


J. Sizer 
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APPENDIX E 

PRODUCTION STAND LOG SHEET SUMMARIES 
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SUMMARY 


LOTi Of ekG 1N£ TtST 

CNOIMe • P«9S7«3 JT<;o-7«SP CELL • « DATE l/znm TIhE 2110 

PitOlNEERING PfOUtftLMENTS 


PA/ST? 

TSFC « DEVIATION 

AAlbO. 

1.1 

AOOeU. 

1.0 

3727b. 

1.1 


^ise‘0 fo TUm^ 
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SUMMARY 


ENGINE 


LOG or ENGINE TEST 

» P6957«3 JT90-7ASP CELL * G DATE 7/?9/77 
engineering HEQUIREMENTS 


time 1«;25 


EN/ST2 

AGIbO. 

40000. 

37275. 


TSEC K DEVIATION 

.B 

.7 

.8 






id* Pec‘0 Cte.(^iiereiL TtiiJ 
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SUMMARY 


LOr. OF eN6!N£ TbST 

ENGINE • P695743 JTV0-7«SP CCU. • 4 DATE »/ 1/77 TIME 

FMGINFERING HEOUIHEMENTS 
FSLMV IPbas. 

FN/iTa TSFC • DEVIATION 

A61S0. 1.1 

AOOMO. .7 

3727S. .8 

CPj9C iOFrett CUA^^ 
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SUMMARY 


engine 


LOG OF ENGINE lEST 

• PG95743 JT90-71SP CELL • 4 0»Tt «/ 1/77 TIME E201 

FNGINFEMING REOOINtMtNTG 
FSLNW I6b3b. 


FN/3T2 

TSFC * DEVIATION 

<•(>130. 

1.1 

<>0U<M). 

1.0 

37275, 

t.l 


?C*CK 


^ /Per/f/A\ 
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SUMMARY 


LOC Of EMC1N£ TEST 

ENGINE • 069S743 JT90-T*SP CEtt • 9 DAT: 6 / 2/77 TIME 1503 

ENGlNEEaiMG REQUIRE mEKiTS 

■ fSLMV 18S3S. 

PN/ST2 TSFC « OEVIATIOU 

46lS0« »S 

AO080. .7 

?7?7S. .8 

C^€ /9^r^/A OKntKtfT A/af^(^TtOfc^ 
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APPENDIX F 

EXPERIMENTAL STAND LOG SHEETS 
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6 •T<ND IN6IN( »-74J> MMf llJI D*tl Of/12/7; AMiO 1000 NOUM SIDI INOUl OOTflllt A;'4Wltlt10N 
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APPENDIX G 

ANALYTICAL TEARDOWN PHOTOGRAPHS 
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JT9D Diapiostics Short Terra Deteriorated Engine. P-69574J. 1081 Hours. 141 Cycles Con* 
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JT90 Diagnostics Short Term Deteriorated Engine, P-695743, 1081 Hour^ 141 Cvdes ron- 
tract NAS3-20632 Rear V.ew ?7444'4)254-BF 
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JT9D Diagnostics Short Tcrni Deteriorated Hngine. P-695743. 1081 Hours. 141 Cycles Con- 
tract NAS3-20632 Typical TE Condition ? 7-444-02 S4-BG 
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low-pressure TURBINE MODULE 




JT9D Diagnostics Short Term Deteriorated Hnpine. P-695743. 10%/ ! lours. l4l Cycles Con- 
tract NAS3-20632 LPT Case & 3rd Vanes General Condition 77444-0254-AA 
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JT9J) Diagnostics Short Tcrtn Dctcri 
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APPENDIX I 

PROGRAM CHRONOLOGY 
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P-696743 TASK IIIA ENGINE CHRONOLOGY 



1978 1977 
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APPENDIX J 
NOMENCLATURE 


223 



APPENDIX J 


CDLA 

Eff 

EGT 

EPR 

F 

HPC 

HPT 

LPC 

LPT 

N 

P 

PLA 

T 

W 

P 

A 

S 

V 

y/W 

Subscripts: 


NOMENCLATURE 

- Condition lever angle (degrees) 

• Efficiency (percent) 

- Exhaust gas temperature (** F) C K) 

- Engine pressure ratio 

- Engine thrust (pounds) 

• High-pressure compressor 

- High-pressure turbine 

- Low-pressure crmipressor 

- Low-pressure turbine 

- Rotor speed (ipm) 

- Pressure (Ib/in^) (psia) 

- Power lever angle (degrees) 

- Temperature (®F) (®K) 

• Mass flow (Ibm/sec) 

- Vane angle (degrees) 

- Change 

- Pressure correction (in. Hg/29.92) 

- Efficiency (percent) 

- Temperature correction (*R/5 19) 


1 - Undisturbed inlet (pressures and temperatures) 

- Low-pressure rotor (rctcr speeds) 

2 - Fan inlet (pressure and temperatures) 

- Hi^-pressure rotor (rotor speeds) 

2.4 - Fan blade discharge 

2.6 - Fan exit guide vane discharge 


3 

4 

5 

6 


LPC discharge 
HPC discharge 
HPT inlet 
HPT discharge 


7 

A, a 
AM, am 
b 


LPT discharge 
Ambient 
Ambient 
Burner 
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APPENDIX J 


NOMENCLATURE (Cont'd) 


F,f 

- Fuel 

N, n 

- Net 

s 

• Static 

T,t 

- Stagnation (total) 


225 



